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• PREFACE

This report contains the results of all tests described in

LTP-904-100OI_ PI u for the Landing Gear Component Development

T_sts. The report is submitted in accordance with Paragraph 5.5
of Exhibit E to Contract HAS 9_1100.

The format of this report is essentially the same as that of

LTP-90_-IOOOI. Section A of the report correspond_ to Section A

of the plan, etc. Since some tests extend over a Longer period of
time than others_ the sections of this report are not published in

their proper alpha1_tical sequence.

I. Information concerning the dates of the test_ and the particular
tes_ hangar at the Grumman Facility in Bethpage wher_ the test_

were conducted, are included in tho individual sections of

this reo_.
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INTROOUCTION
• J

I

This section contains the results of tests performed in
accordance with LTP 904-10001, SectioL_ B "Crushable

Cartridges - Interr_ediate and Full Size Specimens."

Prior to the release of this report an earlier report was
issued by the ",'.echanical Design Croup containing the teat
resulta pertinent to their design effort. Upon review of
this earlier report, it was felt that additional reporting
of detailed teat results, data, etc. _'ould be needless

duplication. For this reason., and _¢_th the Cognizance. of
the Des.tgn Group, the earlier report is tnch,ded £n full
as an addendum to this report. /_

The text of this section is limited to a sumamr'y of results,
detailed dcscz'[pcion of test apparatus, procedures, and. lnstru-
_r:l at ton. All tests vere conducted in the Crun_an Structural

T_ _. Laboratory in _ethpage, N.Y. _'he period of testing

lasted from June 19_ until June 1965. i

i

i

J



.. RESULTS OF LANDING GEAR "COMPONENTDEVELOPMEI_rI'.-_ _ TESTS

SECTION B: CRUSIIABLE CARTRIDGES = INTERMEDIATE AND FULL SIZE

I.0 PURPOSE OF TEST

The over-all objective of the te,_t program is the development

of impact energy-ab:gorbers within the load leve]s and dimensional
confines of the LEM Landing Gear Assembly. The present phase

was concerned more specifically with the evaluation of crush*

able cartridges which, when contained within the landing gear

struts, would stroke or compress at Lunar Vehicle Touchdown.

2.0 TEST RESULTS SUMI_RYJ.

Because the afore mcntloned report covers the design parameters,

the summary here will be concerned with testing methods and

requ ireme nts.

2.l As a resu]t o_ _hc initial phase of the test program, it was

determined that aluminum honeycomb core offered the best

development potential _s a landing gear energy-_hsorher. The
{ "Spiral Wrap" and "Truss-Grld" intended for use In the secondary

strut cartridge would require further investigation.

2.2 The data obtained while belng repeatable under static conditions
exhiblted .soraedi.ff_rences under dynamic and environmental
extremes. For this reason it w_,s considered necessary to invest-

igate the basic construct/on of the p_oneyCc,mb _tself _nd to i

separate the e[fects of celt si:_e,foti thickness, ph)'sicat
configuration and other propertLes. Thls ,consequently indicated
the need for n large number of _;est specimens and duplicate

testing for a complete evaluation.

2.3 From a _trvct.ral standpoint, t_,e_billt)' of the cartridge to retain

its bas/c _h,,pe and cz't_shin a norr_al patter, s_,-_,edto depend

on the consistency of the cell sizc, the do::_ed_.nd shape, and '

the separat:[n_ plate between each stage. .

2.4 After the starL of the t_st progra_n, iL ,.'asluarncd that durin 8
the cartridge manufacturing process (at the vendor's) various
h_.at treat_aents were--used to adjust the _:artrid_e crush load.

"the long t_.rm effects ol these treaL::,c_tswet,' _vidvnt but not
well deflncd and tended to obscure the flnal results, Thi_

fact i.dica.te,;the .ted of a complete ti_r:hlst,)r_-treatr_ent

rf_cord ,_f the,holl{_yco_t) |n order to _,n_,+:rc the .iniformity and
condltton of the final product.

'_,-_:;,'v,,',,ContractNo. NAg g-IIOC "'_" tTR 90_-I0001

_,_ Primary No..11 :_J'_ 6 January 1967
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L RESUL_:S OF lANDING GEAR COHPONENT DEVELOI_tENT TESTS
.,

SECTION B: CRUSHABLE CARTRIDGES - INTERHEDIATE AND FULL SiZE

2.0 TEST I_S.ULTS .SUMMARY- continued

2.5 Based on the previous conclusions, It can l_e said that on a

qualitative level honeycomb acts in a fairly predictable r_annerj
but quantitatively It is dcflnltely dependent on the total
comblnatloll of material, shape, bonding, and techniques used tn

fabrication. Unless these factors are known, the energy-
absorption characteristics of the honeycomb cannot be de_erm£ned

with any degree of repeatability. ,

3.0 DESCRIIX[ION OF TEST ARTICI.E_

liI At the begtnnlny of the test program the test specimens cc,ntltsted

• of a wide varicty of honc, yce_b-typc :'aterlals _'.nd c_nfigurattor,_,
many of which were elir._[nat_d q.it_' ,,qrly, Aft,.r Lh_s opealng
phase, the effort was co,wentraced ,.:- Lhe fotto_¢inl$ types:

t I. Iioneyc_mb 1Alllntifltiii_ - Type. 3003 ai_d _,052 of various cell lizes2. SpiralgFid-Alum|nom- l/8-5052-,00L51' General GrL.l _orp.
3. 'rrusagrld-Alu_.iaum - 1/8 .5052-.,)01SP CenPral _;rld Corp,

The diameters varied f r,,;a lla to 8 Inch_s and t,l_e length,= from 2 to
_0 Inches.

1he testing of tile alt,,tnum hon_)'c_,b ','as Lhcn expatl,ted to include
i meveral types of alurnlm,rn,f';!lthickness and cell sit.e. Some

of the honeycomb was mar,.fact.,'ed into the final cartridge assemblies
while the real ,,as In the form of cartrld,,._. ,o_,pc, n,.nts, A c_,mplet_.
,I,,scriptlon of all "he I,',t sp,:clTrrn_ I_, pr,,vl,l,,d in Pare. lb,0 on
p._l'e of the" A,Idcndutn l,, ,_hl,_ r¢,l;c,rt. "_,l,_:rapha of r,,pr_',;mltatlvn
t_,_::p1,.s _t. i.,'lud,,d I. l'il.t_r,.s , ;_n_ _'t_ _,_',cs k-'.hnd P-]2of
th_,t report,

t,,O OESCRIPTION OF TEST

e,, I Tent _r-!i°gram

This program _-:<I_ts as a _arall_,l ,.ff,rt ..,tth tt_e d,.veLopment of
the landing F-.ar itm, tf. ,_,r thi_ rea_,n the e-rly phase of th,;
program :,'as concerned '.:'", d,.t_,r_ihjt!r,n of design par_,netert_
8n,! _el.ertlnn nf rrat_,rt.'.],, and n,_t -.'fl;, ,rntnt/pe deIlgns.

j
........... ,,T,',; " -

-.,.s,,,,,:e._ Contract No. NAS 9-1100 I.IR 90-',-lOOOl0Ill

_'"'" Prln'_ry No. 811 6 Jtn,_lry 1967_IIj_IAN AIICIAI" '-*q,,,||l , 0 ¢.Otl) OlCrlC)N
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C RESULTS OF LAI_2)ING GEAR CC,_IPONE,_
DEVELOIRE _r TESTS

SECTION B: CRUSHABLE CARTRIDGES - INTER,"IEDIATE AND FULL SIZE

4.0 DESCRIPTION OF TEST - continued

4.1 Test. Program - conti aued

Since the te_ting was largely exploratory it resulted in the
use of. a wide variety of materials, test methods and apparatus
which were continuously being modified. After the intttal
phase tn which the less promising types were eliminated a more
defined program• was set-up x,.htch is the basis of this report•

The basic program set up to test the cartridges was as fo].lows:

4,1,! Pre.crush the cartridges to eliminate the peak. load and
e_tabltsh a ¢o,_stant crush level. This prepares the cartridge
for the n'_chit_tng of the ,lor,_ed head oa one end if dcslred.

e,.l.2 Static crush a nu_._berof the cartridt_,s f_lly under ambient
condich_ns t._establish consta_cy oi crush load level and

a:nount of ener_),-_bsorption available in the cartridge.
(

t¢..1.3 Static cr_h tl_e _.artridges fully u_dc.r th_ specified cnvlron=ental
,:onditions (tetnperature, vacuur_, sad c,,:bincd) a_ in Para. 2.0.
The tnitta! temperature range _:aa frets +200OF to-20OOF. The
vacuum level desired was iuO mi_r:ns ;f t{g or'_et,_,er,

4.1,_ ,,_a,;,,_lcall F cruzh the cartridges ".lth a suitable weight at l,-.pact
velocities of up to 25 feet per second under ambient condttions.

/,.!.5 D.:.namlcally crush the cartridges at t-pact velocities up to 2_
fe,.,t per. secured ur, der the• en_,•tron:aental conditions listed in the
_tat lc testS.

It _as intended to perform tl_e s_.ove sequetwe o[1 several samples
of the variou,_ typee of c_artridgt,_. In so_re cases thts was not I
possibl_ due to a tack of test specimens.

t,. 2 Tes_ Set-Up

Although _ost of the testl.ng was to bc done under av._blcntconditlons
"tile need to subjt._t tht, cartridges to so:no cnvlronrat, ntal tests

requ/red the desiKn and fabrication of special tc_,.perature-
vacuum chtmber_, for co-_pariso_ p;'.rposes all tents were then
conducted using the_e rharb,-rs, i_(, vt_rious chamber ct_._bina_ions
_re shown In dr_winR LS_" 91_-5'_ _nd in Ftg,,re _ on pag_ _,:....
The testing is separate,] Into t_,'u cat_:got'ies a_ follo',¢_:

,_*- o_:, .t, ,. C_ntract NO. ,'4AS 9-11,00 ,_'o,' LTR 904-10001

""'_ Prlm_ry _, 811 _,_o 6 lanuary 1967
{_tVMMA_I lll{1Al? INGII_I|{I ,_C, {o!IOI&?ION
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(. RESULTS OF LANDINd GEAR COMPONE_r DEVELOPMENT TESTS

SECTION B: CRUSHABLE CARTRIDGES - INTERMEDIATE AND FULL SIZE

4.0 DESCRIPTION OF TEST - continued
.... _ 1

4.2 Test Set-Up - con_tn.ed •

!, 4.2,1 Static Tests

The static testing was accomplished by installing the chamber
containing the cartridge in the Ba_dwln Testing _lachlne and

proceeding to apply a compressive load. The chamber itself

. approximated the pr4mRry strut in internal geometry and
co,lflguratlon. It consisted of a 6.3" I.D. cylindrical

chamber open at one end to a movable shaft and piston.

Several pisto_s _ere made to adapt to the various cartridge
end conditions. A load cell positio_-cd at the botton_ of the
chamber was used to measure the crush load. To _easure the

stroke, a linear potentiL,=_etcrwas connected to the z,_ovable

shaft _iving an electrical readout. A plot of the load vs.
stroke was obtained on an X-Y recorder. The environmental

cot_ditions were established by using elthcr liquid nitrogen
{ for low temperatures or the Wyle temperature.control unit

I (with hot air) for the high temperatures.

4.2,2 Dynamic Tests

The. set-up for the dynamic tests consisted of a 33-foot high

drop tower, a weighted carriage and a cha_bcr similar to the
static test with r.hc sultablc [nstru:_ct_tatlon. The carriage

had a loading capacity of I0,000 Ibs. and a r_a×imum drop
heip,,htof appro×imatelv 15 ft. By adlusti.ng the carriage weight
and drop height, the de.strod impact enc,r_y cot,ld be obtained and

consequently the load stroke coutd he generated. In this case
the stroke _,'asmeasured by a shaft-:_o.ntcd r.,ckdriving a platen

_nd hellpot givtn_ an el_ctrical readout. A load cell was used
to measure the dynamic crush load with both load and stroke

recorded on a direct writing recorder. The i_:pactvelocity was
measured by tl_e brcaklng of a pcncil'Icad circuit at the point

o£ impact (i.e. measuring the tlmc to fall through a set distance).

As with the static tests, tl_eenvironmental conditions were cstab=

llsh_d by ctrculaLin6; eithcrh_t air (_2r)O°_) or liquid nitrogen

(-200_F) through a _,:yletc:_perature co_trol unit and around the

chamber, The surface tc,_pcraturc of the cartridge -:as r,_onitored
bv using thernocouplc_ anJ a tcn:pcratur_ bridge.
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I RESULTS OF lANDING GEAR COMPONENTDEVELOPMENT TESTS

SECTION B: CRUSHABLE CARTRIDGES - INTERHEDIATE AND FULL SIZE

4.0 DESCRIPTION OF TEST - continued

4.2 __ - continued

4.2.2 Dynamic Tests - continued.,

An additional test was done to check the outgasslng effects on

the cartridge. The "outgasslnfl" was accomplished by soaking the
cartridges in a thermal-vacuvm chamber for a period of 72-84
hours (simulating I.unar mission). The conditions were a vacuum
of less than I x I0-6 mm Hg and temperatures .of either +175°F or

-175°F. The cartr!dge_ were then crushed at either the high or

leo te_perature as in the soak period.

4.3 Test Procedure

The hernial procedure used, as outlined in the test plan was as
fo].lows:

4.3. I Stat£c Test

4.3.1.I Set up test cban_bcr (LSK 91_-51_9 ) on Baldwin "lachin_ suitable

for._applying co,:_pressive load.

4.3,1.2 Record cartridge idcntlficat/on nu_ber and i,ro-cru._hload.

4.3.1.3 Insert cartridge _.n test chamber In-cc _'_..........,,e wir.h drawing
LSI_ 9J._-_I_9 • For primary cartridge assembllcs it is necessary

to posltion the honcycomb so that thc softer cad (6000- stage

lon_er car_Ltdgc) Is tn the movable u_!)_r ptsLon ot th¢_cnrtridge. I
this vil] insure the load will be tran:;mitted to the Ic':er

cartrldgc through the separation plate.

4.3.1._ Chock instrumcntattoft (X-Y recorder, i_otentio_:cter, ,.,tc.)for

proper operation.

4.3.1.5 Proceed to apply compresslvc load u.sing the Baldwin testing
machinc. The load should be applied at a mcdlu_ rate of spced

or appro×i:aately lO00!i_/m4nute.

4.3.1.6 The load is appllcd for any prc-dctermlncd length or to the limit
el the uniform crushing.

{

,o,-_::,_,,_ Contract ";o. NAS 9-II00 ,_,c,, LTR 90',-i0001
_,,_:-.. Primary No. 811 _'_ 6 January lq_7
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L RESULTS OF LA.NDI.NGQEARCOMPO_Z_ DEVELOP2_NTZESTS

$_CTION B: CRUSHABLECARTRIDGES--. INTERMEDIATEAND FULL SIZE

i 4.0 DESCRIPTION OF TEST - continued

i 4.3 T.est procedure - continued

4.3.1.7 The cartridge is removed from the chamber and examined for any
i deviations frc_'a, the normal crush pattern.

•_ Environmental Tests

4_3.1.8 For temperature tests, prior to installation of the cartridge
in the chamber, two tliermocouples are attached to the test

!
speclmen and also one thermocouple to the h>ad cell. These
thermocouples are brought out through• the e_.ectrical connector

I and monitored, on a temperature bridge. •4.3.1.9 Using the temper'ature control .unit (Nyle), the chamber is
brought to its final level and allowed to soak for one hour
before crushing the cartridge.

t
4.3.1.10 For outgassed cartridges tSe procedure is identical only occurring

after 68-72 hours soak period.

4.3.2 Dynamic Test

4.3.2.1, Determine load-stroke and energy-absorption from the pre-cr_ush

t value and the type of cartridge being te_ted.

..

4.3.2.2 Load the drop carriage with the appropriate weight and raise to
• the required hetght to give the desired impact energy. I

, !
4.3.2.3 Install cart;ridge lt_ test chamber as shown In drawing I,SE 915- i

5:+0(Scc I'i_;ure 3 on pagc/-13of this report), 1

,%.3.2.4 Check the instrumentation for proper resistance catlbratlon (R.C.)
, for the expected load and stroke,

4,3.2.5 Release safety machanism and drop carriage.

¢,.3.2.6 Remove cartridge from chamber and examine for any deviations frcrm
normal crush pattern.

k•
_ J ==

, ,o,= a,,, ,,. ' , ,, Contract No. HA$_9-1100-'--"_ LTR 906-10001

.__ w,,t,.,. Prir_r7 No. 8It o-. 6 January 1967t OI(JMMAN A|ICJAF"'f"I'f"IWO'r'I'4g_f B;P_6 _,O|PO|"A*rON
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L RESULTS OF IANDINC GEAR COMPONENT DEVELOPMENT TESTS_i i

SECTION B: CRUSFIABLE CARTRIDGES - INTERMEDIATE AND FULL SIZE

4,0 DESCRIPTION OF TEST - contIDued

4,3 Test Procedure - continued

4.3.2 Dynamic Test - continued

Environmental Teats .....................

4,3,2.7 The method used for the tempet'ature tests is the same as that

of the static test (Step 8, etc.)

4.3.2.8 For conducting vacuum tests at temperature, r_ise the temperature
o_ the cartridge to the desired level and evacuate the chamber
and allow it to stabilize.

4._.2.9 After soaking for a _Inlmum of one hour, p_r_o_e_dto crush as in
the ambient test.

At the conclusion of all. testing and data reduction all the ---

- (_ various sequences of test points are pl_tted so that the
characteristics of individual cartridges can be identified

and compared.

S,0 INSTkL',II:,_TATION

Instru_cntation was provided for each test to obtain or derive

the following information:
e,

5 I Static Tests

t. Axial Load - Stra!n Cage Load Celt (0-25,000 tbs,)

2. Stroke - bourns or llcti?or pot cntiometer (0-40 in.)
3. Plot of Load = Stroke - Z-Y _Recorder

4. Tcmperatut'e - Thcrmocouples - Hinlmlte Bridge +200°F

5.2 p},nam£c Tests

I. Axial Impact Load - Strain Gaffe Load Celt (0-25,000 Ibs,)

2. Stroke - Rack - (;car - itclipot (0-60 in.)
3. Plot - Dynamic Load - Time (also Stroke - Time Direct

Readout Oscillograph

4. Impact Velocity - Pencil Lead Circuit = Event Harkcr

5. Acceleration - Acceleremoter (0-100 g's)
6. Temperature - Ther_ocoupi,'s - >lln[mlte Bridge

i 7. Vacuum - Thermocouple Gauge

;Otw 0)3 tKv : I t* IIPOllt
Contract No. NAS 9-riO0 o,T! LTR 904-tOOOtt/R 17(_.

Primary _No. 81i " 6= January 1967C'/IUMMAN AI|CIAPt |I_GIN|| ,NO _OtPO|AtlON
COY! t651!
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SECtiONC - RESULTSOFTHEP_:I_YSTRUTASSE_LYTESTS
D'_OSE_-TREAW

I PREPARED BY: _KED BY:
B. DeBlasio R.L. M_m_;un

J

t
i

Contract No. NAS 9-II00 oaTI 25 Febr_Jary I(W_6

Primary No. 811 OINM_AN AIIClAFT |NQIN|llf_i@ ¢OlPOIAtlON
¢@M I_lt!

1_



- _ ..... .._

- _ ..111[ I I I ..... I I _ II I ,_IL_ " " - I Ii ......... - I- - 7 _"____--3_

l _Aoc 0-2

i . _ i " 1

I
:. _ RESULTS OF THE LANDING GEAR COMPONENT DEVELOPb_/NT TEST

f SECTION C - RESULTS OF THE PRIMARY STB[fP ASSEMBLY TESTS

[

i - I.O PUR_X)SE OF TEST
F
I i,i_ This section of the report contains the results of initial

I develoDnent tests which were performed to verify the
i calculated stresses of the landing gear primary shock strut

under static lo_ding conditions, and to investigate
operational and dimenc]onal characteristics of the strut

i under load Axial and transverse loads were applied toI _

i i the strut assembly to obtain this verification _nd to' complement the analytical studies for the final strut design.

, 1.2 These tests were conducted in paz",ial fulfillment of the

requirements of Contract N,J. NAS 9-_1OO.

2.0 D_cRrPr.ION OF TEST SpEC,I_,_

2.1 The strut, designed f_,r te:_t porpoises only, (Figure i,
page C- !!), had an initial length of 108", and weighed 17.5 lbs.
wlthout an Insert.

i _.2 The tests were conducted using the f,al_owing three strut

&_sembly e,:)nditlons :

t a. Unloaded, that i_ there was no insert in the strut

I b. _ alu#r,ln_ l_olleycombe'.lergyabsorber was insT,alled in

. the _trut for another portl,m ,)fthe test. For one test

a single stage, ('_ne crushing level), honeycomb cartridge
was used, and f,,r several other tests a two stage honey-

comb cartridge was inserted. (Refer to Section 6,
Summary of Test Results).

e. For a section of thi_; test, the honeycomb shock

attenuator w_s replaced with various wooden spacer
blocks so that the strut was prevented from stroking.

The bl,acks were 'of such lengths so as to restrain
the strut at stroke _,,_sltiunswhere maximum strut
stresses occur.
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RESULTS OF THE LANDING GEAR COMPONERT DEVELOPMENT TEST

I SECTION C - RESULTS OF _{E PRIMARY STRUT ASSEMBLY TESTS
_'_0 'iSEMI-TREAD).

i 2.O DESCRIFfIONOF TEST SPECIMEN - continued

2.3 The Moment of Inertia of the strut assembly was determined

with a 96" strut length _d a wooden spacer block weighing
3.81 lbs. _he Moment of Inertia was found to be 2.62

slu_-ft_

3.0 TEST SET-UPAND PROCEDURE

3.1 The test set-up and procedure were as described in the test

plan.Report No. LTP 9Oh*lO001, Sechion C. The test set-up

is shown in Figure 2, Page C-14.

3.2 Vibration Mode Survey

3.2.1 For all vibration mode survey tests_ the 8-131 Shakerwas placed on the inner cylinder, at a distance of 23"

from the centerline of the uniball end fitting. For
one section of this test the ends of the strut were

pinned while for other portions of the test an axial

load w_s _pplied.

3.2.2 For all vibration tests, wooden spacer blocks were used to
obtain• the required lengths, and the weights of these

blocks were considered in evaluating the test results.

3.3 S_atic Test

3.3.1 All static tests were conducted in the test ri6 shown in
: Figure 2, P_ge C-12

, 3.3.2 The transverse loads were applied a_ follows: Rubber straps
. were positioned at calculated locations on the strut to

insure uhe correc_ load distribution; these rubber straps

were secured to a plywood base, and the method of loading

was to rest shut bags on the base until the required magnitude

of load was obtained. (The load distribution details are

shown on Figure 3, Page C-13 ). The weight of the strut
anu the weight of the fixtures requlred to apply the deslred

transverse loads were considered in establishing the load

( distribution.

_n m,, ,44 LTR 90_- IOOO 1
_ontract No. NAS 9-11OO IIAVll 25 February 1(_66
}'rImary No. 811 alUMInA. AII¢IAPI' INOINIIItNCl ¢O|lltD|_,t|ON
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RESULTS OF THE LANDING GEAr, COMPONENT DEVELOPMENT TEST

i

SECTION C - RESULTS OF THF _RIMARY STRUT ASSEMBLY TESTS

_ (180"_I-T_ 7

k. 3.O TEST SET-UP AND PROCEDURE - continued

! 3.3 Static Test - continued
!

3.3.3 Figure 3, Page C- , shows the locations of the strain

gauges along the strut and indicates also the positioning
i i of the "linear motion potentiometer", that were used to

measure strut deflections during the test.

S.3._ Transverse loads were determined using a nominal strut

weight of 25.0 lbs. However, the strut assembly was tested

i using various inserts of different weights, so that thelateral load is _xpressed nominally in "g's" and the
exact weight of the side loads recorded•

4.0 TEST CONDITIONS

4,1 All tests were conducted at ambient environmental conditions• i

9.O DISCUSSION OF TEST RESULTS

5.1 The 18C" semi-tread was superceded by the 160" semi-tread

landing gear while the 180" tests were in progress For• I
!

this reason, the 180" primary strut test progr_, was I
relatively brief and the re_ult_ were used to verify
design conditions, i

5.2 Vibration Mode Surve_ 1
I

5.2.1 All vibration tests were conducted in the test fixture shown
in Figure _' Page C

5.2._ The vibration mode survey w_s conducted under 6 conditions:

Condition Strut Length Axial Load

i 06 inches 0 ibs.

2 9(, inches 4OOO ibm.
3 96 Inches 8000 ibs. .....

( 4 (% inches 12,300 Ibs.5 88 inches O ibs.

6 88 inches 1.2,300 Ibs.

i'1 ' iii i ", | c- i

.aM _._, ..,4 iim'Iv L_R 90_-/OOOl'

Contract No. NAS 9-IIOO _11 25 ._ebruary I,W_6
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RESULTS OF THE LANDING GEAR COMPONENT DEVELOPMENT TEST

SECTTONC- RESUL_'SOFT_ PR_Y STRU_ASSEMBLYTESTS
_(1So",.+mT-TRmAD)

! 5.0 DISCUSSION OF -TEST RESULTS continued
r

I+ 5.2 Vibration Mode Survey - continued

_.2.3 With tilestrut length at 96" and both ends fixed, the

_ i first Mode Resonant Frequency was found to be 54_9-e-ps.

I 5.2.4 A summary of all vibration mode survey test results is

shown in Section 6.1.

J 5.3 Static Tests

5.3.1 Test No.+3 was conducted to determine the axial load
• required to overcome friction. The axi_l load was +

found to be approximately 750 ibs. at 35 "g" side load,
and approximately 950 ibs. at 50 "g" side load.

£, 5'3.2 Maximum strut eenterllne deflection was recorded at

ultimate cnnd:itlonsand a strut length of 108", (Test i
No. 8), and measured 0.5888 in. +

5,3.3 A summary oi'all static tests is included in Section 6.2.
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I: TEST RESI_,'IBFOB THE [_ LANDING GEAR
COMPO,_I_ITDEVh;LO_%_.!:_:'I'_I%_'IB

SECTION D - R_UL'IB OF THE STATIC TFST OF THE LEM LANDING
GEAR ]_Y_OI'PAD[SK-_2C.-10 (02

INTflODUCI'ION

This 8ectlc, n of %he repert contai, as the results of all tests
conducted _,i,the LEM Laudlx,_Gt._:"F_:c,tpad LSK-52C.lC'/¢2.
It was found that the l'o_tpaflaatlsfactor]iy wiLhat_)odthe

I_aign _Nor._lLo_d of 12 psi toldexhibited satlSf'aetory ._
l&ter_l ¢rushil_ eh&ilicte:'l_tica.

I

' Refer tu LTP-_>II-IOOL_I - Se_'tion D - ,Plan l'_;r tile Static
l_at, of Footpad [.gK-j_C,-IO'/L;3.
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T_ST RE_UL_ FOR TI[E I,EM IA_DJI%_ '._,AI_ .

COMPON_ D_WELOP_[h_JTTESI._

I SECTION D - I_F_SULISOF THE STAT](','PESI'OF THZ: LEM LANDING

GEAR FOOTPAD LSK-320-10°[02:

1.0 PURPOSE OF TEST

1.1 The purpose of these tests was to determine the strength
of the footpad when subjected to a uniformly distributed normal

load and to evaluate the load-stroke characteristics during
lateral crushing of this preliminary footpad design for use
on the L_I landing gear.

1.2 As described in Test Plan LTP- 904-10001 - Section D, the
tests were separated into two phases:

! Phase I - Normal Load Tests
a) Proof Test (Design Normal Load)

b) Failure Test

_L Phase II Transverse Load Tests

2.0 DESCRIPTION OF TEST ARTICLE i

2.1 The test specimens were 36 inches in diameter and of a _

shallow dish configuration (Refer to Figure ]). Construction _
was of bonded aluminwr_ honeycomb. The core was 5052 .

aluminum foil (u.O015 thick and _/16 _nch ,._11 size). The
skins were of 7075-'16aluminum and were taper'ed to the outer :.
edge to produce desirable lateral crush chapa_'terlstics.

2.2 Four pads conforming to Drawing LSK-320-10_/02 were supplied
for testing. One footpad was used for Pha_,e i - Normal _

Load Test and three pads were used for Phase iI - Transverse _

, Load Test. 1

I :_.

,!

i ! n i "_

_,m Ol2On@ IO.u REPORTLTR 901_-1000l I_
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_ i'I"SULTSFOR THE LEM IANDIIq_;GEAR
TEST

COMPO};ENT Dh_'ELOPHE_T ']'E'S_4

SECTION D - RESULq_ 01.'THE S'['A'I.'__;r'_L' U_ T_; _EM LANDI_iG
GEAR FOOTPAD ISK- _?0- I0 [02

3.O TEST CONDITIONS

3.1 The tests were conducted under ambienl e_vironmental
conditions. In all tests, the pad was installed in a
horizontal attitude.

3.2 The surface loading during the Normal Load Tests was
essentially static in that no attemp_ was nmde to achieve a

particular rate of pressure loading.

3-3 During the Transverse Load Tests, no attempt was made to
attain a specific rate of loading but rather a uniform ,
rate of loading. The footpads were crushed into hard
fixed bearing surfaces having config._ratio_s of a flat surface, .,
inside 90c corner and an outside 90° corner.

:!
k,0 TEST SET-UP AND PROCEDURE

4.1 The test set-up and procedure was e_entially as described _..

in Test Plan LTP-904-10001 - Section D (Paragraph 5.0 -
Test Description). Loading the footpad incrementally through :_

a compression Jack, as stated in the test plan, was not
considered practical nor representative ot a lunar landing.

" Therefore, the design normal load of 12 psi and an uprated i
proof load of 13 psi was applied to the footpad using an i
inflatable rubber bladder. The load was rc_acted by a r_gid _ i

compression member incorporating a strain gage lo_,d cell.
The failure test was identical with the above. See _

Photograph LPS-560-123, Page D-,_3.. : 1

4.2 Strain gages were installed ou the Foot_aJ as shown on 1
Figure 1. The pressure was measured with a pressure

transducer at the inlet loft of the bladJer and the
load cell was installed above the ball a_iI _ocket joint as

described in Paragraph _.l.

( -

,o_ o_2,,,v, ilpom LTR 90!_"I_001D -"

Contract'_o. NAS 9-ii00 _m'! 1_ February 1966 _
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TEST RES_H_TS FOR THE LEM LA_D!NG GEAR

COMPONENT DEVELOPMENT TESI_

SECTION D - RESULTS OF THE STATIC TEST OF THE L_,i LAI_DING

GEAR FOOTPAD iSK- 320-10702

h.O TEST SET-UPAND PROCE_IRE - continued

4.3 Prior to the Transverse Load Tests, the jig was system
calibrated to determine the friction forces inherent in

the Jig. This calibration resulted in an applied load vs.

1 corrected load curve which n_y be seen on page D-17.

The pad was crushed into the three obstacle configurations

(F_ragraph 3.3 - Test Condition_) at a slow uniform rate.
The load-stroke profiles were obtained from these tests.

Refer to Photographs LPS-560-109, 129, 131.

5.0 RESULTS AND CONCLUSIONS

5.1 Under the condlt_o. J described in Paragraph 3.2, the padt

withstood a normal pressure loading of 12 psi. Visual
inspection under this load showed no damage. It was then idecided to increase the normal pressure loading to 13 psi.

which resulted in skin buckling and consequently bond separation
in localized areas on the footpad. Photograph LPS-560-126

is representative of this dar,%age.

5.2 The above test was repeated. The footpad was to be subjected _

to an increasing pressure load until failure. The pad,
however, failed at 11.5 psi. F_i].ure occurred by extensive 'ii
bond separation of the core to skin on the inner side of the _

pad and subsequent collapse of the skin in comprezsion. )

, This failure at a pressure less than that sustained previously
may be attributed to the local bond failures incurred in

Test I. A comparison of the _traln data from the two tests :_
supports this conclusion. The eratic behavior of the gages
in Test #2 (particularly gages #i and _) is attributed to "_
local buckl_ng of the skin, now unsupported because of the _
local bond failures. Rei'_' to Figures 3A through 3D - Pressure _|
vs. Strain (Test #i) and Fi_,_res bA through hD - Pressure vs. !
Strain (Test #_) ....
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SECTIOrl D - PESITI.'IS OF '[ttE STATI,_ TES'I OF TI_.' Lm--'MLANDING

_,FAP FOOXPAD LSK-_20-10702

5 0 RES .[LL_ AIID ONCI_v;S!ONS - c(.,_t lr,,_ed

5.3 Load-Stroke ehara,'t_ristics w..r_ obtained during lateral
crushing ];_to the three obstaci:_ eonl'ig<_rations described

i in Paragraph _.j. The charat.t:ristic curves are presented

I in the form of Applied LcJad vs. Stroke which are

i duplication_ of the traces obtai_ed directly on the X-Yrecorder The. Corrected Load vs. Stroke curves show the _

actual characterl,_.ticz of th,__ pad and were derived using

the Applied Load vs. C,urrected Load curve. Variations in

crush characteristics reflect the sensitivity of each pad
to the zhap_ of'the obstacle. This sensitivity is given

in ef'f'ic[encypercentages and is presented with the C3rrected

Load-gt/ok_ ,:urve_.;,Pages I_-18 through D-27 . it should be

noted that one pad was used for Tests #i and _. Refer toPhotoff_raphl.tS-5_O-108 showing crush mode of the pad for

a fla":,plat_. A second pad was used for Test #3 which
r_:_,Jit_.di:, :amage to the major area of the footpad.

There:f: r.-., ,his paJ was _s,!'dfor one test only. Refer to
Pnoto_<raph LPS.-_(_0-1_O _h_wing the, crush mode of the pad

for an inside _" obstacle. The third footpad was used for

Tests #I_ and #5', Pei'er to Photograph LPS-560-133 showing _1

crush m<_d_.-of' the pad for an outside 90" obstacle. The

Energy/ Ao..,_,r'b,.d v_ Strc.ke curves are the results of the ..
integr_t_rn <,Y the, Load-S_roke curves and may be seen on _
Pag_ I}-_'4 through D-'"-'_,.. *'
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S TEST RESULTS FOR THE LEM LANDING GEAR COMPONENT DEVELOPMENT TESTS

SECTIO_ E - HONEYCOMB CARTRIDGE DEVELOPMENT TESTS 1/6 SCALE MODEL: MKII

i.,_ PU?POSE OF TEST

1.1 This sec:ion contains the results of honeycomb cartridge

development tests conducted to develop the cartridges for
the landing gear of the LEM i/6 scale model: MKII. This
model will be used to investigate the landing stability

characteristic for the LEM vehicle. The purpbse of these
tests was to evaluate various core materials, cartridge

configuration and fabrication techniques for honeycomb
cartridges.

1.2 These tests were conducted in partial fulfillment of the

requirements of Contract No. NAS 9-1100.

2.0 DESCRIPTION OF HONEYCOMB CARTRIDGES

2.1 Honeycomb cartridges were fabricated from structural

honeycomb material made by either the "expanded core"

( or "lay-up" method. The core material was supplied by
the Hexcel Corporation (expanded core method) and Honeycomb

Corporation of America (lay-up method).

2.2 Core material is identified by cell size, foil thickness
and material in this order. Insertion of P after the foil

th'ckauess specifies the use of perforated foil.

Example - I/8-7P (5052-H39) denotes 1/8" cell size, .0007 _I

inches thick foil (perforated) and 5052 aluminum -I
alloy with a heat treat value of H39.

Honeycomb material used had the fol]owing characteristics:

a. Cell Size - Ranges fram 1/8" - 3/16"

b. Foil Thickness - .0007 - .002"
i

c. Material - 3003-H19 or 505e-H39

2.3 Honeycomb cartridges were pre-c_ashed to eliminate initial
peak loads. Cartridge characteristics are shown on Figures

2,3, and &. Additional information on cartridges may be
obta-ined from drawings LSK 320-10106, LSK 320-101070 and
I_K 320-i0115F.

t

! i

_ _x _, ,_. Kmm I2-B- 90_- i000]

Contract No. NAS 9-1100 _ 21 March 1966 .
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TEST RESULTS FOR THE LEM LANDING GEAR COMPONENT DEVELOPMENT TESTS

SECTION E - HONEYCOMB CARTRIDGE DEVELOPMENT TESTS i/6 SCALE MODEL: MKII

!. 3.0 TEST CONDITIONS

I
i 3.1 All tests were conducted under ambient environmental
_ conditions

i
I 3.2 Cartridge designs with crushing loads, w_ich most closely

a_proach the required nominal values will be used in the

[- landing gear of the LEM 1/6 scale model: MKII. The
i required nominal values are shown below.

, T_e of Strut Model _ominal ._ _ Prototype

: Loads (ibs) Loads (ibs)

A - Primary Strut

1 - First Stage 125 _00

2 - Second Stage 378 13600

B - Secondary Strut

1 - Single Stage 104 37_O

I_
L.O TEST SET-UP A_ PROCEDURE

5.1 The test set-up and procedures were as described in test plan
LTP _oO_-i0001, Section E. Static tests were conducted in the

Riehle Test Machine and a stress-strain plotter was used to

record crushing loads. The sketch (Figure i) shows the

essential features of the dynamic test apparatus. Dynamic !

loads were recorded on an oscilloscope ; equipped with a

polaroid ca_,er_, i

5.0 DISCUSSION OETEST RESULTS

5.1 Static Tests

5.1.I Static tests were considered a necessary preliminary to the

dyn_ic tests. The primary purpose of static crushing tests,

was to derive quickly a materials and cartridge geometry

combination which would approximate the requlzed cartridge
propertiez both from maximum load and energy absorption
considerations.

(

0.1211MY! 0.44 _ -- •
Contra,:t No. NAS 9-i100 _ 21 March 1966
Primary No. @ii ont/MMAN AI|CdAPT IINOIN|illIINO ¢OIPOIA?OON
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TEST RESULTS rOB THE LEM LANDING GEAR COMPO)_h'I'DEVELOFME_[fTESTS

1.
SECTION E - HO)[EYCOMBCARTRIZ_3EDEVELOPMENT TES_TS1/6 SCALE MODEL: MKII

5.0 DISCUSSION OF rEST RESULTS - continued

5.! Static Tests - continued

._._,o The first batch of cartridges tested were made from core
mam_ufact_uzedby the Honeycomb Corporation using the "lay-up"
method of construction. Five cartridges of each type were
statically crushed and the average crushing loads are
tabulated below. The required nominal strut loads are also

I showr_for comparison. The characteristics of these cartridges
! were as sho_u%in Figure 2.

T_e of Crushing Required Nominal
Cartridge._ Load (Ibs) S_rut Load (lbs)

(static) (Oyn_=i_)
-I 179 125
-3 181 12.5
-5 277 378
-7 355 378

( -9 175 I04
-il 143 104

5.1.3 A second batch of honeycomb cartridges identical tc
those of batch #i were made using different blocks of
similar core material. Results of these tests are
shown below. I

T_]_eof Crushing Required Nominal
Cartridge* Load (lbs) S_rut Load (ibs) !

(static>
I

-i 13e 125
-3 /8 125 _,
-5 3_0 378
-7 _20 378
-9 12o 104
-11 228 I0_

(*Ref. Dwg. LSK 320-10106)
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TEST RESULTS FOR THE LEM LANDING GEAR COMPONENT DEZfELOPME_ TESTS

SECTION E - HOICEYCOMB CARTRIDGE DEVELOI_ENT TESTS 1/6 SCALE MODEL: MKII

5.0 DISCUSSION OF TEST RESULTS - continued

5.1 Static Tests - continued

5.1.h Comparison of these test results show that the second batch

of cartridges had a noticeably different crushing load from
the first. This indicates that cartridges made from different

blocks of similar core material wiAl not necessarily have
the same crushing load. Therefore in order to m_intain uniform

properties all cartridges of any one type should be made from
the same block cf core material.

5.1.5 Two methods of adjusting the load levels were adopted:

a. Reducing core material by cutting a hole down the center
of each cartridge.

b. Increasing or decreasing cartridge diameter..

Static testing of adjusted cartridges revealed that the first

method impaired the structural integrity of the cartridge.
- While some of these cartridges were tested, no further use

was made of this method, and the results are not presented.
Cartridges with adjusted diameters which most closely approach

the required crush loads, yielded results as shown below:

Cartridge characteristics were as shown on Figure 3.

Type of Actual Crushing Nominal Strut
Cartridge* Load (Ibs) Load (ibs)

(Static) (Dynamic) !

-13 ii0 125 !
-19 371 378

-25 390 378
-29 91 125 q

* (Ref. LSK 320-I01026)

5.1.6 The L_a_ic results obtained from these later tests indicated

that cartridges conforming to the_e final characteristics

(LSK J_0-1_0i07) (-15 ,-19 ,-25 _-29) approached the desired

load levels with sufficient accuracy to permit a start to
be made on the dynamic test program.

Contract No. NAS '_-IIOC _ 21 March I_U66
J
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O TEST RESVLTS FOR THE LEM LANDING GEAR COMPONENT DEVELOPMENT TESTS

SECTION E - HONEYCOMB CARTRIDGE DEVELOPMENT TESTS 1/6 SCALE MODEL: _f<II

5.0 DISCUSSION OF TEST RESULTS - continued

5.2 Dznawic Tests

5.2.1 D_mamic tests were conducted to ascertain that under

conditions simulating actual usage of the cartridge in

the 1/6 LEMmodel landing gear th,_t they would function
satisfactorily. The criteria defining satisfactory operation

are load, energy absorption and cartridge stability.

i Cartridges which most closely approach the nominal strutloads as defined in paragraph 3.2 and also exhibit satisfactory

I energy absorption and stability _roperties will be acceptable.

5.2.2 The first batch of cartridges dynamicall_tested were made

from core manufactured by either the "lay up" or "expanded

core" method. Cartridge characteristics were as shown in

Figure 3. At least five cartridges of each type were
dynamically crushed and the average crushing loads are
shown on Table I.

(
- 5.2.3 Test results showed that a high proportion of the cartridges

made from, core material manufactured by the lay-sp method were
' structurally unstable and exhibited inconsisten_ c_zshin_

loads. HoWever cartridges made from core manufact_red by the

exp_uded core method were comparatively stable, and possessed

more consistent load values. All subsequent tests will
therefore be conducted on cartridges using core material
m_uufactured by the expanded core _taod.

5.2.h Results also indicated that the method _ cartridge

fabrication was not adequate to realize acceptable load

tolerances. In an attempt t_ approach more closely the

nominal strut loads, specific cartridges types (LSK 320-i0xO7
-31, -37 and -5l) were modified by controlling the number of

cells in the most advantageous arrangement possible The
number of cells used and the results obtained are shown in

the following table.

- i %

Cont,_ct No, NAS 9-Ii00 DAm 21 March I_6
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TEST RESULTS FOR THE LEM LANDING GEAR COMPONENT DEVELOPMENT TESTSt
SECTION E - HONEYCOMB CARTRIDGE DEVELOPMENT TESTS 1/6 SCALE MODEL: MKII

5.0 DISCUSSION OF TEST RESULTS - continued

5.2 Dynamic Tests - continued

Dash Core Number Drop Velocity Average }|ominal
No. Mat of Cells (in/sec) Crushing Stru_

(lbs) Loads

-31 1/8-15P (3003) 27 130 426 378

-37 I/8-7P (3003) 38 118 100 104

l -41 I/8-7P (5052) 37 118 100 125

5.2.5 Five specimens of -31 and -41, and 4 specimens of -37
configuration were tested (all modified to cell count

indicated). While the cartridge loads are not (:lose

enough to the required values, these configurations

exhibited a much smaller spread in crush loads than any
previous group. The number of cells were adjusted in

subsequent cartridges (Figure 4) to obtain the desired

_ loads.

Dash Core Number Drop Velocity AveraKe Nominal
No. Mat of Cells (in/set) Crushing Strut

(Ibs) Loads

-I I/8-7P (5052) 40 130 120 125

-3 1/8-15P (3003) 24 130 377 378

-5 1/8-7P (3003) 43 fIR I00 104

5.2.6 Observation of crushed cartridges revealed that occassionally
raw edges appear at the periphery of the cartridge. The
uncertainty of these edge effects was e]iminated by l_aving
1/2 the cell wall intact at each side as shown on Figure 4,
(Dwg. LSK 320-I0115F).

5.2.7 These final dynamic test results as tabulated above

illustrate that c artridse types conforming to Dwg.
No. I,SK 320-10115F are suitable for use in the LEM 1/6

scale model: MKII drop tests. "

po_ o_H .r, I _. " _, _LTR §0_-lOOO;l ....
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i TEST RESULTS FOR THE LEM [_ND£NG GEAR COMPONENT DEVELOPMENT TESTS

SECTION E - HONEYCOMB CARTRIDGE DEVELOPMENT TESTS 1/6 SC_L_ MODEL: MKII

5.0 DISCUSSION OF TEST RESSLTS - continued

i

I 5.2 D_nuamicTests - continued
i

[ 5.2.7 The final design of the three cartridges to be used are as
I. follows:

i LSK 320-10115 -i Primary Strut, Fizst Stage, Nominal Crush• Load, 125 Ibs.

[ LSK 320-I0115 -3 Primary Strut, Second Stage, Nominal Crush
i Load, 378 Ibs.

i LSK 320-i0115 -5 Secondary Strut, Single Stage,_Nominal Crush
i i Load, 104 ibs.
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IZS! RESLV_IS FCR THE LEM LANSII{3 G_A9 C,.MB]t(_,__"_" _ .... YES

SECYION F - RESDq_-TSOF- THE CA/qTIL_T_ PBIMAB¥ S_RVi ASSEMBLY ,.-Y_S?

(I00 INCH SEMI-I!_FA/,)

0 :'po_e o_ Ye_'_

_ _." Thi-c se,:ljon of the repor _.e_n+.ains _.ne _'esul_ of the initial aevelop-
ment _es_s coniuctei on the pri__ary stru_ of _ne i6¢ inch c_._.tilever

/an_ing gear. I_;e tests were performed to verify the ca!cu!a_ei s-_resses,
_emonstra_e !he s_ructura! integrity, an_ ID cr,.eck_._:emechanical opera-
tion of the strut.

1.2 TP..esetests "sere conducted in partial fulfilimen_ of the requirements

of Contrac_ No. :{AS 9-1100.

E.O Description of Tes_ Specimer.

; 2.! i_e strut, an earlier design now superse_e/ b_- the !t7 inch semi-tread

design, hai an _nl_=_ _=n_z of 10@.2.='' at its full}" extended position

and a fuliy stroked iengti_ of 83.2.=".

2._ All bearings were replaceable so the
that effects of differeD* hearin_

materials and _hape._ upon strut operaCiona_ characteristics coui_ be
determined.

2.5 Dwg. LSK 320-iO_iO, shows the entire strut a_mbi_ usei for the tests,
ant! is incluiei as Fig. !.

3.C I_at Set-Up an_ Pr'_'_,ur,_

.. I G_nerai

5.1.1 Th_ test ._et-up an_J procetur_ .ere a.s ieseribed in the test plan, _epoz't
_c. LTPgO_-IOOOi, Section F. except where noted.

_.!2 Figure i., D,C. LSK 91'-i9[, tocates ana l..-_|it*['i_ both the in iivil_al
strain _auges or the strut reaaing axial ._;train and the strain t_au_e
circui_ user t_ m_a_ure axial and bending _oads.

_.i,_ ?he axial and ben lin_ _oa3 circuits we_ c¢librated prior to testing b_"

applying known !oils to the strut an:i reco_iin_',the eorrespondlng strain

gauge ¢ircult outputs. PhotoE'raph Li:S_/{ .;_.owst_e strut luring
axial load calitratlon,

(
........ ....

_on_r_ NAS 9-1L_ _t! lh Februa;'y I_6' -

Pr_.n_ry Code 811 OeUm_aAO,*alll¢_t lO,,,-Ol_...eo,-_ ¢O|P'.O_A.toOS ,y.,

............. _ ................... ;|
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TEST FEST,_7S FOR TH]5 L£M LAND, IN9 0FA9 r,C'N_P'_;_; v DEVE!.C._:_;7 _--"

I

il SEctioNF R_S';_TS0Fr._- ,.AhI.__IERT_'_PIqLMAPY S75UT ASS_._L_.L: fLSi"

i (_60 INCH Sml-m_ZAZ _)

L

i j.,2 Vitration _:: :re Survey:

i
• :o. all vitrati,- _le survey tests, *_= _trut wa_ in3"_Zlei in the

I fixture of' Figure :,, E'w_ /SK 91=-__0. 7_.e S,--ji shaker wa_ posi_ione2

on che outer ..'71in/er _uproxi_-.a'-_-i5 -" :'tom _:ne ce:_teriin. _ of the u.niver-sal e::i _ni orient_i _ shawr in :_:otacr_._'n_ LS._ }_O.-c7 an i -_$.
I

_,.2=2 inn:. secondary s'rut, piek-i_ _..•___arfi*.iir,g, "aa_ lank, etc., whirr'. ",;ere

usei for the /ynamie side " ;2 tes-s, re._ainei a'.taznei _urin6 the

vibration survey, i'nis "_as io the fvequer, zies _.i moie _./etez_ine_

woui/ reflect the _trut tehavi_r "_ier ,r,e same cor:litior.s a_ ....

dynamic siie Los: "eft-, -_.: _............_....v.-,vla'"_:: o:" J_ta from the two
tes:$.

[.
- Stat _ ' T<_.-"a-

j_,_.i I_:e _tatic t_.'ts included %he bearin 6 friction tests _i the structuraltes_, ani were eonluete2 in the fixture of Figure 2, _wg LSK 915-188_,

560-137 ar,_ -.138,m',J Photogr&_hs LPS ' "

5.J,_ S'_,,,atcenteriine deflection wa_ measured z% the mjJpoint of the secondary ' 1
str':,t attachment collar [n the d_rection of the resultant side load i

force. Measurement was by me.ans of a linear motlor, pctentia_,eter, l

_, _,- Siie ioa_s were positioned io insure the correct loadi_g Ee,_etry, anJ

%he weights of the Jacks co_tnter-b_l_ncel.

i._, _._e axial ioal appliei fer each limit loal test was /e_ez_inel b_' adJ[ng
the _heoretical friction "oad and the nominal cartri,1_e crushin6 foal

fo_ the particular strut length.

j.,,.l For test._ : thzx_ugh 21, str:,t .leflc:tion was me.asure.:i _s explainei in

5.5.2. For Series If, leflection mea3urements were taken at the four

positior,'_ where the bending moment circuits were located. (Bef. Figure

i,). ?

- -- i i i i mm I I

_.®...,_.' _. _ _._-_,.'_5i. •
Contr._etNAS _-I190 m_ 16 Fel_ru.e_ry l_-g
Fr!_ary Code _II OlIUmUAN ,0&¢_,P_ |NO_NI|mINO comamOmA,0ON

............................ SL'-J
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• TEST RESULTS FOR. THE LEM LARDING GEAR COMPONENT DE_FELOPMENT 'I931STS

_ '.
i

r SECT.iON F ._ RESULTS OF THE CANTILEVER PRIMARY STRUT AS._ERBLY TEST
V

[ (!60 INCH SF_II-TIREAD)
i

i 3.4.2 The load cell, l,uP_ger, honeycomb side load absorber, etc., were
positioned to insure maximum side load in a direction perpendicular

t!i: to the strut centerline.

Ii 3.1_.3 All honeycomb side load absorbers were precrushed before use. Their
nominal .;tatic or dynamic crushing loads are indicated in the log of

,i testa, Figure 11 , Page F-].I

h,O T, i::,t,, Con_,i t ionn

. .

i *_.I All tests were coll_cted _t ambient envi.ronmentc_l conditions.-

[
ti ',.O Dt:_cu;;_lon oi' 'P,_:.:t Result:]

t

f. £ ,,. : \'t_ :'a+.io,,M-,, r;,,,,v,,_
'.,t ,, At a :;trut /enKth of l_3.k') incite:: with both ends pinned, vertical ex-

. (:Itatlo_Jpro,_,:,.'_'.l a first mode resonant frequency of 31.2 CPS and a
:_t,,uctura: tampin_ _ coefficient of .]l'),

4
'-.].E II;_.l,.'rthv same conditions as lJ_;ted in ).i. ', diagonal excitation pro-

;i,_,', t a l'Jr::_ mo t,.. r(,:,:onant l'r,..'qu,_,l,_i, of P_9 _ J!'S and a struccura].
lnmpfng ,,o,.l',"i,,i,,nt of ._..i() 'a• - ,_ •

• ., 3 '['h,: r,, :';, l * :' oi' all vibrat|on mode :;urvey tests are _hown In Figure 5, a I
P,,+,;e F- 1_ [

I
i
J

.2 I3,.'a," '_ .... i t

'.../,i 'D],' r,,_'or_!_,! r,:::;,}i.t:_ (;l":;,:-vera] parameters from bearing friction test _ I
N(,. _.Por,.*lal_,,lat_:,lin Flg,ur,_ C, Page F-IL Run 32 was selected because '%

It l:_ a typl,'al r,,presentati,_n of t,he friction lvzts.

_, '..?,2 Dnt: coeff["ier_t of" frictton for _.a(.'h feat w_ts de, ermined by solving for

the reaction: at, each primary strut sleeve bearing, (Refer to Fl.gure !,

part, mur.b_:r:_ 7.qK _20-I0'.._,'.*-1 t}r,,l -5_,, :-:,_,_ning these two to find the i
"total normal" force ana measuring th,_ axial force require] to stroke 5

l ,
•h_ _-_' r ,'yl!rvl,.r 1•

l

,_ ._ D_- _'o_.l'ft-i,,nt of ?r]<.tlon for th;' .:oti! *,:_'!on t:,-arlng:' _l;'e,t ('(Jr T('._s !

;a;_ to _] r_,:V_.! apploximat,'iy rrom ,_--O, _ to u--O. _,P_

............. 7,{} ;;g?, _ .... !
'_. '- l _" N.:_' ')- : I'_ ' flP,_. Ih F",br,mr.: I ,_.r. ,_

;' {_."_.V ('" _ I'i 0i) uM#4AN llilClil_l |{410114i_|ltNO CO|PO|ll|O'4 eCOI_ Idd_!
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q_ST RESTILTSFOR '[_[ELEM LANDING GEAR COMPONENT DEVEL.OFMENTTESTS

SECTION F- RESULTS OF THE CANTILEVER PRIMARY STRUT ;_qSE_BLY_E_T
(160_CH S_X_-TREAD)

5.3 Structural Tests

5.3.1 Figure 7, Page F-12, .liststhe strain gauge outp.,tsof R,_ No. 42,
limit load conditions at a strut length of 108.25".

5.3.2 Maximum strut centerline deflection for this test was 1.475 inches,
measured at the midpoint of the collar.

ii 5.3.3 Since the strut was at the fully extended positiorl,maximum bending was
experienced during this test.

5.4 D_namic Side Load Tests

5.4.1 Figures 8, 9 and lO, Pages F-13 to F_15 , show the recorded results
of several dynamic side load tests. The test.,',shown and discussed were
selected as being representative of the dynsmlc tests•

_.4.2 For the first series of tests, strut l_,ngth,cartridge crushing Load

i_ and drop weight were constant and the impact velocity wan varied.

5.4.3 The effee¢ of impact w.'locity (or drop _eight), is shown In Figure 9,
Page F-14 . Bending moment and strut deflection a"_ seen to increase
with increases of drop height.

• 5.4•4 It should be noted here, and when a similar _ituati.,noe,_r_ as discussed

in paragraph 5.4.6, that the ratio ot increase in momezJtin t_otthe same _
_ at all locations. A£so, that the moment ratio at a par_ i(:,llar _oQ, a_ _Q)_|

is not the name an the correspondiru_ ,tel]oct ion rat:t_ This is ,lue to
the fact that the strut "telescopes" as it changes length, anl t:_at
there is slippage betweerl+he inner and outer cylinder at the collar
bearing, i

5.4.5 For Series I], impact velocity rema[p_d a constant, an,t strut lel_tl_, ,:

cartridge crushing load and drop weight were varied. )
i

'" 5.4.6 Figure iO, Page F-15, indicates the appare_._(lysmmlcm_gni|'Icltions, ;

(ratios), determined in drop No. Ii-7.

5 4.7 Series Ii was conducteJ,to hel_ aseertair,t|w maximum be_,llngloa,ls _.I i

strains that might occur during dyn_mlc r._O_Jlng.

5.4.8 The results of Series I and II generally l.q,'li_'atethat the <]ynam!emsg-
nlfication ratio varies dlre,,_tlywith Impa('t,veloull,var,,linversely _

( , with appJlecltoad. i
T

,_ ,,ouv,,._ ",,,,o,, IT,Fr90_'lOOq_ ......
Contract NAS 9-Ii_ m_,, !1, I'ebru,_yIc_6¢"
Primary Code 811 m_umman AIICIAIrl ' INOINilIiltlNO COlPOI&TION

COINN4_I !
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Pll :]] DO _t.,OC) +,rs,.... ,.., ' ,()()

]2 ?tA)O _' (()(, '/_, ,: , .,+" - e,_x)

O'v ] O" I 'J'; 1t " 1 /" 1h" ;'('+'" ;+I,"

5 25 100 o boo ?o() - 200 - 50 - _0

• 0 ,-'t 2 0 0 I00 500 -bOO +I00 -iO0 200

o" i o" _ _o"__ _+,_'__'_ _,+'__'

2 I000 1200 1250 i300 1,750 1350 [iDO

3 i00 25 0 0 0 0 300

o'__' 5'__' :].o'__' i_/i 2o'__' _+_"i

Load. (:7_0L_ 5250 +1500 3500 2250 ibO0

-"-+/";i/ _,/'_,+- [ .,
i,
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FI_ 11
d

N____o.u_ . DiCe Tea_, No; height Woight Le_b .. Oriain_ . Final

z 7/3o/6_ z 5.0" 600I_ _o8_/4" 6 3/_ _ _/_
2 7/3o/6_ z 5.0" 600 nB _O8Z/4" 5 9/Z6 _ Zg/_
3 7/3o/6_ z 5.o" 600 LB Z08Z/_" :_Z9/32 3 3/_

713016_ Z 5.0" 600 _ Z08Z14" 3 314 3
5 7130164 2 ZO.O" 600 _ Z08ZI4" 6 718 _ 518
6 7/30/64 Dynamic 2 8.0" 600 LB 108 I/M' _ 5/8 3 I/8 -

7 8/3/64 Tents 3 iO.0" 600 LB 108 I/M' 6 13/16 h 9/16

8 813164 3 8.0" 600Le ZOaZ14" 4 9116 3 Z132
9 81_16_ _ 5.o" 60oi_ z08zl_" 6 slh 5 n116

zo 81_164 _ _.o,, 6oo_ z08zl_; __i_ h _18
zz 81z_164 _ 5.0" 600 _ zo8zlh" 4 _18 _ _I_
12 8112164 _ 5.0" 600 LB 108 I/_" 3 31_ 2 718

z3 81z_16_ _ 5,0" 600 L_ Z08zlh" _ 718 Z Blh
Z_ 81_16_ _ 5,o" 600u_ z08z/h- 6 31h 5 _18
z5 81_.164 5 5.0" 600 : io8 z/h- _ _18 h z12
z6 8/Le/6_ .S _.0" 6OOZ.S zo_z/4- .h z/_ _ _/16
z_ •8i_/_ _ _.o- 600Ls z_ z/.- _ .7/_. _ .zz'_
ze 8/_/_ _ _.o- 6oo_ z_ zl_" _ .z/_ z z/_
z9 8/z816_ 6 zo.o", 600.L_ ZO8Z14" 6 Z31_ _ _13_
_o 81z81_ 6 8.0" 600,m zo_z/_, h ._.3/_ _ ul_

_z 81z816_, " 6 5.0" 600 _ z08zl_" 2 zz116 z 91_
. i i • • i i i i iiill " ---- i i

i
" ii i ii |

Tes: _ o1" ' Si_e.... LO_ s:_t s_o_e -Xxi_
No. Date Test Insert , Compr. Tension Len_h Velocity_ Load

8/31/6_ Friction None _ 2500 LB 3tX_ LB 108 l/h" .9 in/see

23 10/27/64 Friction None 2500 LB 30_O LB 108 i/h" .9 in/nee

_ 10/27/64 Friction None 2500 L_ 3000 L_ AOB 1/M' .9 in/see

25 i0/27/6_ Friction None 5000 LB 6000 LB 108 1/4" .9 In/see

_6 lO/_8/6h Friction None 5000 LB 6000 LB 108 1/_" .9 i_/sec

11/6/64 Frlctlon None 5000 LB 6000 LB 108 i/_" .9 i_/sec

_8 ii/6/6h Friction NOne 5000 LB 6000 LB 108 1/h" .9 in/see

29 II/6/_ FrActlon None 5000 LB 6000 LB 108 l/h" .9 In/see

30 1_/,5/6h Fricti_a i_ae 5000 _0 6000 LB 108 1/_" ,9 _/.ec

31 11/6/6h Friction None 5000 LB 6000 LB 108 1/M' .9 £nlsec

32 11/10/6_ l_'icl_l_n _ne 5000 L_ 6000 LB 108 l/h" .75 in/sec

33 Ll/lO/fh. ?rietion None 5000 LB 6000 LB 108 l/h" .75 in/see

3h 11/10/6h Friction None 54)00 LB 6000 LB 108 1/M' .75 in/see

35 n./zo/ft, ._ict_. ao., 5ooo_ _00om zo_ l/h" .7_ in/,e_



r II I I i IlUI_

i__/4 5 9/16 1 3/16 .Gefieral: HoneyeQlib Static C_Bh:I_ Load = 2460 LI_;

_/ll_ _ 19/3_ _1/32 NO insert In dtrut.

,+/32 3 3/_ 27/32
_/4 3 3/_
W8 4 _18 2 _.I_,

'78 3 V8 z z12
!_/_ _ 9116 _, a.l_, _ ee_ __um__t S_t _tate
,_Iz_ 3 V_ z z?/_.
_/_ 5 11/16 1 1/16 O_c_llo_c_ sd, sssd peak

L_/_ _ _/8 _ _/16 O_c_o_ .,_.,_ _e_a
/8 3 3/_ _/8i

_/_ _ _/_ _/8
'if8 z 3/_ z z/8
:i/_, _ _/_ z z/8 ..
,/8 _,zl_ a.z18

7116 _ zl_ z_l_6

_/16 1 9/16 1 1/8 StrClPs on block at _t-pad end

i _ r _ "_

_tty _:)ad TiTe R,--,a,,
I .... II I I " " 'I" Ill " " I " " " " _' " _ ..... I " " " "" -- •

_/_ec Teflon Load vs. s_'_k, p_i_, lne_iJllst_

;/see Teflen Tetra 23_6_, iPiugli m _ 1£ne ei,_ll li_l,dl _ i,mlifa_t.iat
_/aec Tefl_r._

_/sec Ti_flon

_/aec Te£1_

_/sec Teflon

l/sec Tefl_

t/Hc Teflon

t/sec Teflon

_/eec .030 Crm_

_/_ec 1027-13 &

t,ec -3)
I

.... i
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l_gure II

Test Type of aide Load ' StrU_ 'Stroke Axle
No. Dat e Tes_ , Insert Compr_ _, . TenSion Lan_h .... Velocity Lo_

36 11/11/64 _ic_ton No.e 500o 6000 losl/_ -5 in/see
37 Ii/ii/64 F_iction None 5000 6000 108 I/_ -5 ilk/see

38 11/11/64 Frlctlo. .o:e .COO 6000 1081/_ -5 _sec
39 11/11/64 Friction None 5000 6000 108 1/4 -5 in/see

40 11/16/64 Limit Wood 5000 6000 108 l/_ None.

41 11/16/64 Limit Wood 5000 6000 108 1/4 None 880<

4e 11/16/64 Limit WOod 5000 6000 108 1/4 None 880(

43 11/16/64 Limit WOod 5000 60(10 93 1/4 None 13,80(

44 11/10/64 Limi_ Wood .... 5000 6000 93 1/4 _one 13,80(

45 Ii/16/64 Limit WoOd 5000 6000 93 i/4 Non, 13,80_

46 lZ/18/64 Limlt woo_ 50oo 6ooo 83z/_ _oae 13,5o_
47 11/18/64 Limit WOed 5000 6000 83 1/4 NOne 13,5_

48 11/18/64 Limit Wo,_l 5000 6000 83 1/4 None 13,50(

49 Ii/19/64 F_ie%ion Nose 5000 6000 108 1/4 ,9 i_/see

50 11/19/64 Friction None 5000 6000 108 1/4 .9 in/llea

51 ii/i9/64 Friction None 5000 6000 108 i/_ .9 in/_c
..... , _ _m ,m _ "

Series No. II

Test ....... _ of *Ca_r. Drop _'D-top Strut' " Speclmen Le_n_

No. Date Test No: Height Weight L.e.,n_h Ori_inat.. ,Final.

II-I i/e5/65 $ eO00-e 18.75" 590 LB i08.e5" 13 11/16 7 3/_

II-_ 1/25/65 / _=3 18.75, 590 LB 93.25" 13 3/4 7 7/:

II-3 1/28/65 _oo0-_ 18,75" 590 LB 83.25" 13 3/_ 7 5/_

z_-4 1/28/65 _m_m_c _o-z 18.75" 1275L_ 83._5" 13 7/8 5 131:
IZ-5 i/e8/65 TeStS 4000-3 _ 18.75" 1275 LB 93,25" 13 13/16 6 1/_

II-6 1/28/65 _)00-_ 18,75" 1275 LB iO8.25" 13 3/_ 6 3/_

II-7 1/29/65 ! _00-5 18.75" 1275 LB 108.25" 13 3/_ 6 3/_

II-8 2/e/65 _ 6000-R 18.75" 17_5 LB 83.25" 13 13/16 6 15/_

II-9 e/_/65 6000-3 18.75" 17_5 LB 93._5" 13 7/8 7 1/_

II-lO _/_/65 , 6000-4 18.75" 17_5 LB 108.25" 13 7/8 7

II-ll e/3/65 6000-5 18.75" 17e5 LB 108.25" 13 3/4 T
,,, z • - .3 i i lima] L I i l m m. ' i I

*The. 1st pe_t Of the Cartridge No. indicates the approximate
stetJc crush_ load.
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-Stroke A_ieLl Beari_ ......... " ' '

Velocity Load Type R_,,_ait • I t • t I II I I I I I I I |

-5 in/lee
-5 in/Jet
-5 In/aec

' -5 :l._see
None 8800 LB

None 8800 LB "Mol,y'eeat"

None 8800 LB (LSK 915-10_7-11)

None. 13,8OO LB

None 13,800 LB

None 13,800 LB

None 13,500 LB

None 13,500 LB ,

None, 13,500 LB

•9 _/he ,o_0cro_
•9 in,/aee (_ 915-10_7-i5

•9, zn/see and. -5)
-- i i " "_" "l, • r*-,,_| r-_ , ,

S_eimen Lel_E'th ....... " ' - ....r,..... , -

a --- | m .... -- " _. | I ' " lira

13 11/16 T 3/4 5 15/16 aenez'_: No L4MIoI_ _ lit,z'_, fU%t,-Vi_ "

13 3/_ 7 7/16 6 _/16 _,_
13 3L_ ? _116 6 7116
13 7/8 p13/16 8 1/16
13 13/16 6 1/8 7 11/16

13314 6 318 7 318
13 3/_ 6 3i8 7 3/8
1313/16 6 15/16 6 7/8 No_i_
13 ?/8 T 1/16 6 13/16
z_ _/_ _ _ _/8
_3 _/_ ? 6 3/_

i i i __ ii ii a_ ' i n i i " ii i
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RESULTS OF THE LEM LANDING GEAR COMPONENT DEVELOPMENT TESTS

SECTION J - RESULTS OF THE STATIC TEST OF THE LEM LANDING
GEAR FOOTPAD LSK-320-10.10_
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[:" RESULTS OF THE LEN LANDING GEAR COMPONENT DEVELOPHENT TESTS

' D
!' SECTION J - RESULTS OF THE STATIC TEST OF THE LEN LANDING
!" GEAR FOOTPAD LSK-320-10704

INTRODUCTION

This section of the report contains the results of all

i tests conducted on the LEH Landing Gear Footpad

LSK-320-10704. It was found that the footpad satisfactorily
withstood the design normal load of 12 psi at both ambient

" and 225°F temperature. Tht. pad also exhibited satisfactory
4 lateral crushing characte-, _.._ics.

This is a continuation of the footpad development program.
The results of previous tests were presented in Section D
of this report,

Refer to LTP-904-10001, Section J, Plan for the Static
Test of the LEH Landing Gear Footpad LSK-320-10704.

oaa ,ev, _ .....'Heoln LTRg04-1000i .....

_ontract No. NAS 9-II00 _Te 28 February 1966 ..
Primar_ No. 811 OnUMMaN AIIICIIAItT |NGIN||IIINO ¢O|PO|ATION

CON |eSl|
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D RESULTS OF THE LEM LANDING GEAR DEVELOPMENT TESTS
COMPONENT

SECTION J - RESULTS OF THE STATIC TEST OF _ LEM LANDING
GEAR FOOTPAD LSK-320-10704

1.o .me,OSEOFTEST

1.1 The purpose of these tests was to verify the s.ructural
integrity of the footpad _d_en subjected to a uniformly
distributed normal load at ambient and 22501 , :,_--:_era_ure
conditions and to evaluate the load-stroke chazacterlstics

during lateral crush of this footpad des£gn for use on
the LEM landing gear. A test to failure under normal
pressure load was conducted to establish the design
safety margins.

2.0 DESCRIPTION OF TEST SPECIMEN

2.1 The test specimens were 37 inches _n diameter and of _he :_

configuration shown on Figure 1. Construction was of "_

bonded aluminum honeycomb, .The core. was a composite of -i_
5052 aluminum foil (0.0010 inch thick and 3/16 inch cell.

size) and of 2024-T81 aluminum foil (0,O015 inch thick and
3/16 inch cell size) assembled as shown on. l_g. LSK-320-10704.
The skins were o£ 7075-T6 aluminum and we_ tapered to

the outer edge to produce desirable lateral crush :;_
char ac teris t its,

2.2 Four pads conforming to I)wg. LSK-320-IO70& were supplied i_
for testing, One footvad was used for Phase I - Normal __

Load Tests and three pads were used for Phase II - Transverse ,_
Load Tests, :_

3.0 TEST CONDITIC_S ._

3.1 In all tests described below, the pad was installed in a _

horizontal attitude.

3.2 Phase I - Norma ! Load ,Test _i

3,2.1 Test I - Proof Test (Design Normal Load): conducted under "_:
ambient environmental conditions. _,

_ _ i , _ I I I I I I I I • ,=
_0_ _I II_ ! I-_l NII_ L_O_" lO001

_ontrac_ No, NAS _-II00 0_ 28 February 1966
Primary No. 811 OIUM_A_ AIICIA_I INOINI|I*_@ ¢OIPOIA_IOH

CON _}|
, v,:
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O RESULTS OF THE LEH LANDING GEAR COMPONENT DEVELOPMENT TESTS

SECTION J - RESULTS OF T,'_E STATIC TEST OF THE LEM LANDING
GEAR FOOTPAD LSK-320-10704

3.0 TEST CONDITIONS -cont inued

3.2 Phase I - Normal Load Test - continued

3.2.2 Test 2 - Proof Test and Failure Test: conducted under
225 ° ± 10"F temperature.

._

3.2.3 It should be noted tha_ the pad is designed to a zero

safety margine (i.e.) limit and ultimate design load have
the sama value of 12 psi,,

3.2.4 The surface loading during these tests was essentially

static in that no attempt was made to achieve a particular
rate of pressure loading.

3.3 Phase II - Transverse Load Test

343.1 During these tests, no attempt was made to attain a specificAeP

L rate of loading but rather a uniform rate of loadlng, The
footpads were crushed into hard fixed bearing surfaces

having configurations of a flat platep inside 90° corner
_nd an outside 90° corner.

4.0 TEST SET-UP AND PROCEDURE

4.1 The design normal load was applied to the footpad using i
, an inflatable rubber bladder (Refer to Paragraph 3.2.!). j

The load was reacted by a rigid compression member

incorporating a strain gage load cell. The proof test i
and failure test (Para. 3.2.2) was essen_ially iden_cal

with the above. The pad was heated to 225°F. t-.r_,_rature i
prior to being subjected to-the pressure loading.

4.2 Strain gages were installea on the footpad as shown on
Figure I. The pressure was measured with a pressure
transducer at the inlet port of the bladder and the atraln

gage load cell was installed above the ball and socket

Joint as describe_ in Paragraph 4.1.

, ., ., I.

,_ ms,,v, _. HPo_ LTR904-10001
_ontract No NAS 9-II00

" .,TI 28 February I%6 -Primary No. 811 ._'
O|UMMAN A,|CiAPT INGINIIIINO CO|POiATION .:

¢o_1 _l!! 1.._

...................

-- _ __ __
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D RESULTS OF THE LEM LANDING GEAR coMPONENT DEVELOPMENT TESTS
SECTION J - RESULTS OF THE STATIC TEST OF THE LEM LANDING

GEAR FOOTPAD LSK-320-10704

4.0 TEST SET-UP AND PROCEDURE - continued

4.3 Prior to the Transverse Load Tests, the Jig was system
; calibrated to determine the friction force_ inherent in

the Jig. The calibration resulted in an Applied Load vs.

Corrected Load curve which may be seen on Figure 2. The

I pad was crushed into the three obstacle configurations
at a slow uniform rate. Load-stroke profiles were obtained

from these tests, Refer to Photographs LPS-560-213_ 230
and 320.

5.0 RESULTS AND CONCLUSIONS

5.].I Under the conditions described in Paragraph 3,2.1_ the
pad withstood a normal pressure loading of 12 psi. A

visual inspection under this load showed no damage or

skin buckling.

5.1.2 The above test was repeated at 225°F as described in

Paragraph 3,2.2. Visual inspection of the pad while under
the normal pressure load of 12 psi showed no damage or

skin buckling. The pressure in the bladder was slowly

increased. Audible cracking occurred at 14 psi and complete
failure at 16.7 psi. Sectioning and subsequent internal

inspection of the pad showed that a vertical shear failure _'

of the core had occurred clrcumferentially around the hub
at approximately 6 inches from the pad center. This failure

is shown in Photograph LPS-560-524. Extensive failure

of the core to skin had also occurred (Photograph LPS-560-527).

It was not possible to defittitely identify the primary
failure (i.e, vertical shear of the core or core to skin 1

separation) but vertical shear of the core was thought I
. l

the mote probable I

5.1.3 Recorded strains in both ambient and elevated temperature ...._ .
were of a low order (i.e. lO00#J-In/in or less) and have

therefore not been presented in this report,

(
i . lel

,o_ om Hv _a_ nemfn LTR904- I0001

Contract No. NAS 9-II00 OAT! 28 February 1966 "_
Primary No. 811 GI|UMMAN AiliCIIAFT |NGINEE_ING CO|PG|ATION "
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t RESULIS OF THE LEMLANDINGGEARCOMPONENtDETELOI'HENrIESIS
SECTIONJ - RESULTSOF rile STAIIC TESt OF 'IHE L_MbkNDING

GEARFOO_P.,M)LSK-320-107..0.._'_.

5,0 RESULTS AND CONCLUSIONS - continued

5,2 Load-stroke characteristics were obtained during lateral

crushing into the three obst_cl_ configurations de._cribed

in Paragraph 3,3, Ibe characteristic curves are presented

in the form of Applied Load v_, Stroke (Figure._ 3A-TA)

which are duplications of the traces obtained directly on
the X-Y recorder, lhe Corrected to_d _s, Strok_. curves

(Figures 3B-TB) show the actual characteri_tic_ of the

pad and were derived using the Applied ioBd vb, Corrected

Load curve, Variations in crush ch4r_cteri.stic._ _eflect

the sensitivity of each pad to the shape of the obstacle,

This sensitivity Is given In effit.i._n_y percentages and

is presented with the Corrected Load-Stroke curves,

It should be noted that onw pad was used for [est_ _rl and

#2. Refer to Photograph LPS-560-_16 ._howing czu._h mode

of the pad for a flare plate., A s_cond p_ wa- used for

Tests #3 and #4, Refer" to Photograph LP5-560-319 ._howlng

the crush mode of the pad for an tnstdu 90" obstacl_.The third footpad was used for Ie._t #5, Refer to

Photograph LPS-560--233 showing ,.rush mode of the pad
for an outside 90 _ obstacle,

,,

" I
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SECTION Ki CROSSOVER FITTING TEST

P_+PA_ BY: C_ECmED_Y:
J. Feldman R.L. Makemson

I

I
!

i i _

_.__..uY _,_, - npo'_LTR 9Oh-iOOO1
Contract No. NAg 9-II00 o,,u 6 May 1+966
Primary No, 8!.1 OIIUMMAN AIIICIAPT IMOINIIIINO COIPOIAIION

COIN 141111

I



PAol K1. 2
i i

_r

RESULTS OF LANDING GEAR COMPONENT DEVELOPMENT TESTS ]

SECTION KI- CROSSOVER FITTING TEST

|

INTRODUCTION

This section of the report contains the results of tests

conducted upon the Deployment Truss Crossover Fitting
(LTM320-M-50903). The test demonstrates the structural

capability of the Crossover Fitting under design
conditions set forth, in LTP904*10001C, Section K.
In the final test_ the Crossover Fitting failed in
buckling at 13070 of its design ultimate load.

!

m_om ,.,....... nm'. LTRg04'I0001 '
Contract ,No. I_AS 9-1100 o, le 6 May 1966
Prlmary No. 811 '

OIIUMMAN AI|CIIAP'r IINOIN|IIIIINO COIIIIOllaT|ON
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C RESULTS OF LANDING GEAR COMPONENT DEVELOPI_NT TEST S

SECTION K]- CROSSOVER FITTING TEST

1.0 PURPOSE OF THE TEST

The purpose of the tests reported in this section was to

verify the structural integrity of the deployment
truss crossover fitting. A test to failure under the
critical loading condition established the actual safety

mrgin.

2.0 D__ESCRIPTION OF THE TEST ARTICLE

The test article was a crossover fitting in accordance
with LTM320-M-50903 except that the crossover fitting

tested was provided with dummy end fittings (LSK915-517
and LSKglS-618) which dupllcateu the actual tube to
fitting attachment. The design of the deployment truss
is such that incorporation of the crossover fitting in
one of the truss tranverse members (LTN320-50902)
permits the other member (LTN320-50901) to penetrate it

in plane with no tnterconnection of the two members;this preserves the truss as an essentially determinant
structure.

3.0 TESTCOND'r_TZONS

3.1 Deqtgn limit load for the fitting is 8600 lbs compression J
,_pplled at specified eccentricities about the 1ongitudlnal
centroidal axis of the fitting. Eccentricities in two
_tually perpendicular ptanes were specified as noted
on Figure 2. For descriptive purposes in this report,
these loading axes have been designated axis A and axis B.

3.2 The [actor of safety used in the LEM landing gear design is:

limit load x 1.35 = ultimate_d = 11,600 lbs.
!

3.3 Ultlnmte transverse inertls loads on the fitting _ere
simulated by the application o[ a 36 lb. concentrated load
at the center of the fitting. This load was applied in
a direction such that the induced bending was additive
to that due to the eccentricity.
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RESULTS OF LANDING GEAR COMPONENT DEVELOPMENT TEST /

SECTION _ - CROSSOVER FITTING TEST

3.0 TEST CONDITIONS - continued

3.4 All tests were conducted at ambient temperatures except
the final ultimate load and overstress test which was

conducted at 285°F. A scheduled test at 200°F was
omitted after it was determined that its results would

be SUperfluous.

4.0 TEST SET-UP AND PROCEDI_RE

4.1 The test article was set up in a universal type test
machine enclosed in a temperature chamber designed for

use in conjunction, wlth this machine. The test

arrangement is shown in Figure 3 (page K1-28) and in --

Rhotograph No. LPS-560-521 (page KI-29). Strain

measurements Were plotted directly by B and F strain
recorders.

4.2 The required test procedure, as described in the test
plan (LTP904-10001 Section K) was as follows: _)

(a) At room temperatue the ultimate transverse inertia
load q_ 36 lbs. was applied.

(b) The limit load of 8600 Ibs. compression was applied
to axis A in 10% increments reading strains at each
increment. See Figure 2 for axis location.

(c) Repeat of b with load applied to axis B.

' After this test a manufacturing descrepancy of _i
the fitting was discovered. After repair of the
fitting as described in paragraph 5.2.2an additional
limit load test was run on axis A to determine the

effect of the repair. All remaining tests were
conducted on the repaired fitting.

(d) From results of b and c a£1s A was selected as the
critical axis for use in the L'._ainder of the tests.

t_. _n .v !144 Hm_t LTR .---_---qo/'-lnN'N1 "

l_ontract No. _S 9-II00 D4_ 6 May 1966
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RESULTS OF L_NDING GEAR COMPONENT DEVELgPMENT IEST
SECTION K1 - CROSSOVER FITTING TEST

4.0 TEST SET-UP AND PROCEDURE - continued

4.2 (e) At room temperature the ultlmate load of 11,600 lbs.
compression was applied in the 10% increments
reading strains at each increment.

(f) Repeat of e at 200°F. This test was omitted as

noted in paragraph 3.4 above.

(g) At +285°F the ultimate load of 11,600 Ibs. was
applied in 10% increments.

(h) At r�^�™�loadingwas increased until failure of
the fitting occurred.

5,0 TEST RESULTS

5.1 Presentation of Results

The results are presented as follows:

a. Log of limlt load test on Axis A (page KI-8 ).

b. Strain gage results and calculated stresses for
Axis A (pages KI-9) and KI-lO).

c. Log of limit load test on Axis B (page KI-II).

d. Strain gage results and-calculated stresses for

Axis B (pages KI-/2 through KI-13 ).
l

e. Comparison of results of Axis A and Axis B limit

load tests (pages KI-I,'+ through KI-17 ).

f. Results of limit load retest on Axis A after rework

of fitting (page KI-18 ).

g. Log of ultimate load test on axis A (page KI-19 )

h. Strain gage results and calculated stresses for

ultimate load test (pages KI-20 and KI-21 ).

i. Strain level plots for critical gages for ultimate
load test on axis A (page KI-22 and KI-23 ).

J. Summary of critical results of ultimate load test on

axis A (page KI_24).

k. Lo8 of failure _est at +285°F (page KI-25).

I"

mm_#ur_t i4m illmOllt LTR 904-I0001
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RESULTS OF LANDING GEAR COMPONENT DEVeLOPMENt T_SI
)

SECTION K1 - CROSSOVER FITTING TEST

5.0 TEST RESULTS - continued

5.2 Discussion of Results

5.2.1 Strain readings recorded during the limit load tests
indicating significant strain levels (in the order 2000_
in/in or greater) are plotted on pages K1-14 through
KI-17. Comparison of these strains shows that with

the exception of gage #2 axis A was always more critical
than axis B.

5.2.2 High strain levels were indicated at gage locations 2
and 4 and an inspection of the fitting showed that the
required wall thickness of .045/.040 inches at the
locations of gages 2 and 4 had been undercut to .022

inches; this is shown in Materials Review Report No. 66626.
A tool mark of .030 inch radius within the undercut and
extendin 8 over the entire circumference was also discovered.
As corrective action the undercut was blended without

decreasing the w_!_ thickness of the fitting any furthers__
A collar (MRR 66626-1) machined from 7079-T651/52

aluminum alloy was inserted into the fitting over the
blended surface. This Lnstallation is shown in pages
2 and 3 of MRR No. 66626 and can also be seen on

PhotoGraph LPS 320-431, page K1-31.

5.2.3 Af=er rework of the fitting the limit load test was repeated
on a:_is A to determine the effect of the corrective action.

For this test gages 3 and 4 were selected as being repre-
sentative of the strains in the area of the reinforcing
collar and are plotted on page KI-18) together with those
£rom the original (axis A) test. It will be noted that the

strain levels on gage #4 have beensignificantly reduced.

Strains indicated by all other gages agreed with those
obtained from the first limit load test on axis A. The

reworR of the fitting was thus considered adequate for

testing purposes. Two additional gages Identified as
numbers 71 and 72 were added to the fitting for the

ultimte load tests. These gages were read in place of
gages 1 and 2 which had been destroyed durin$ rework of the
fitting. Gages 71, 72, 46, 48, 20, 23, 26, and 29 indicated

the highest strains and have been plotted on pages K1-22 and
KI-23. A summary of critical strain results is shown on

page KI-24.

)
" i ii i i
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RESULTS OF LANDING GEAR COMPONENT DEVELOPMENT TEST

( SECTION Kl - CROSSOVER FITTING TEST

5.0 TEST RESULTS - continued

5.2.4 The f&iling load test was run at a temperature of +285°F
to simulate actual landing conditions. This test was

designed to determine the margin of safety of the cross-

over fitting. The specimen failed in plastic instability
at an applied compression load of 15,140 Ibs. This

represents a margin of safety of 30_ over the design
ultb_ate load.

5.2.5 In cases where 45 ° strain rosettes were applied, the
arithmetically greater principle stress has been calculated
from the strains measured at limit or ultimate loads and

is reported in the tables of strain gage results. The
direction of the stress has also been noted as clockwise

(C.W.) o_ counterclockwise (C.C.W.) from a referenced
strain gage axls_

6.0 CONCLUSIONS ....

L This series of tests shows the Deployment Truss Crossover

Fitting to have a margin of safety of 30_ over design

ultimate load and to be structurally adequate for the specified
design criteria. The experimentally measured strains

(stresses) correlate those derived by analysis.
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_' RESm.TS OF LANDINGO_.._ _a'O_ .. ' .... •

DEVELO_4ENTTESTS

, SECTION K2 - STRUCTURAL TEST OF DEPLO_
t

i TRUSS ASSEMBLY FOR THE 160" LAND:_NG GEAR '

I

INTRODUCTION

This-report contains the results of tests conducted
to demonstrate the structurO.1 characteristics of

the :160" Cear Deployment Truss as a compline asslm-,"
bly• This section in conjunction with the previoui

aection (K 1 - Crossover Fitting TesCs) defines the
truss capabilities under the spec£fted loading
conditions. All tests were-_conducted in accordance

rich L_P 904-10001 Section L. The time period wat

f_om August through December 1955p and the testt_
took place in the Gru_an Structural Test Laboratory

i at Bethpage, N_ York•

(1) t_P 9o_-xoooiRev. E _ _or LMUme_
C_ponent Development Tests| Section K _plo_nent

Truss (160-inch Cantilever I_ Lemd:',_ _;e..r) __rue_-vr&_,

Tests" "., •

i

|

i !

i ,

/ 16

I . 1 r

2 '

1

1
l ! ......................................................................... •

, -- LTR 904-10001 ,.
Contract No, _ 9-1100 5-26-..67

, Pr ry Iio. "........ .._ ._ .



P

_ + IIII " ..... _ + •..................

, 4q_

. , .. j + . ,Am 3• =, • • _, _ ,_ --,__ t n , • ,, + - ' |___

lRESULTS OF LANDING GEAR coMPoNEI_ , ..
' . . o

DEVELOPMENTTESTS ..... .
!

! SECTION K2 - STRUCTURAL TEST OF DEPLO_qEh_T J

TRUSS ASSE4BLY FOR THE 160" LANDING GEAR I

1 ..

1.0 PURPOSE OF TEsT

The purpose of these tests was tO demonstrate the structural

integrity of the 160" landlng gear deployment truss assembly.
i The originally scheduled vibration mode survey was deleted at

the dire_tion of the test requestor.

2.0 DESCRIPTION OF TEST ARTICLE
I

I + The test article c_nsists of the two similar frame assemblies
i which comprise the _0" deployment truss assembly. Reference
i : is made to Figure 7 for designation of individual truss

i ' members. The frame assemblies are essentially summetrical,
the only dLffeZence being that the transverse member in one

frame contains the crossover fitting as showh in Figure 7.

This crossover fitting the transverse member of thepermits
other frame to penetrate i_ i_-plane thus preserving the truss

as a simple determinant structure. Because of the similari_y
and for expediency in testing only the transvers- member' was
changed in the test sequence and therefore only one set of
side support members was tested, To insure prcper end conditions
however, the second set of members was installed on the
fixture- for the test duration.-_

, I

1 3.0 TEST CONDITIONS

r This series of tests subjected the various members of the ,
truss to critical loading conditions. The principal loads

1 _ simulated are end loads either tension or compression_ applied i
through the secondary struts when the energy absorbing cart-

' ridges are crushed. In addition transverse inertia loads
developed during vehicle deceleration (20 g's) were distributed
over the lengths of the members. The sequence of tests Was
conducted at ambient conditions and then _epested at l
temperature of 200"F to simulate the solar and engine heat

' input during descent.
i• , .

t
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SECTION K2" - STRUCTURALTEST OF DEPLO_

TRUSS ASSEMBLY FOR THE 160" I._NDING G..EAR._

j , ,

, J

3.0 TEST CONDITIONS - continued

The applled loads (magnitude and direction) for the te_t
conditions are as noted in Figure 1 on page 9 * The factors
of safety used in the landing gear design were as follows"

(Limit Load) x 1.35 Ultimate Load

(Limit. Load) x 1.15 - Proof Load,

_ Since this truss was scheduled for use in the ia_ding gear
• drop tests afterwards, it was necessary to insure that nO

damage be inflicted upon it. For this reason only the proof
load (85Z ultimate load) was applied.

° .

_ 4.0 TEST SET-UP _._) PROCEDURE
O

Each frame assembly of the truss was insLalled in turn in I
the test fixture as sho_n in Figure 2. The. inertia loads were
to be applied in the weakest bending plane of the member.
Since all the members, with the exception of the crossover
gitting member are syn_netrical the load was applied by distri- i
buting shot bags along the length of the members. For the
crossover member the load was applied in the plane of the truss
as shown in Figure 7 • The secondary strut loads were applied
by a hydraul_c cylinder attached to a movable L-frame (see
Figure 2). This facilitated loading in the four positions
required due to the geometry changes in the strut-tt_aSs
configuration. These positions were determined such that
each member could be critically loaded in sequence whila the
other members developed non-critical loads.

Dial gauges were used to measure the deflections et the loading
points and at Lhe mld-points of the critical member durln8 the
test, "

!

..... LTR-904 -lO001
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it , RESULTS OF _ING GEAR CO._OI_ .: .... ,. , ,

DEVELOPMENT TESTS ",
1

SECTION K2 - StrUCTURAL TEST OF" DEPLOYMENT

TRUSS ASSEMBLY FOR THE 160" LANDING GEAR i

4.0 TEST SET-UP AND PROCEDURE - continued +
,;

Strain gages were located at various points on each tube and '
on the crossover fitting for verification of the stress analysis i
of the truss assembly. The strain gage locations for each of !
the positions are shown in Figures 4, 5t and 6. • , :

' i
? +

i The step-by-step procedure utilized in the test was as outlined
in pars. 5.3.2 of the test plan (see refer_nce'l on page 2 ).

i The only addition to the given procedure was that in PositionIII (see Figure 1) both tubes #1 and #2 were critical and

the test was repeated to obtain both sets of data. • +_+

5.0 TEST RESULTS Ah_ CONCLUSIONS

(.,+ These tests demonstrated that the truss frames, and .....individual

hence the complete truss assembly were capable of sustaining
the applied "proof" loads under both ambient and elevated
temperature conditions. The loads critical to each-mmaber
were derived from a computer - based on analysis of the many

, possible landing gear geometries at lunar impact. By utillgln g
a positioned hydraulic cylinder and addlngthe approprlate
"inertia" weights, each truss member was loaded in sequence
to a critical load. The critical load was limited to 85Z of

ultimate design load because the truss was needed in subsequent
tests.

The detailed test results verify the design and stress analysis
in that the actual critical stresses are in close agreement
with the predicted stresses. One variation from the test plan
exists in the detailed results in regard to the temperature
tests. The requirement for recording the strains and deflec-

tions was waived because of inherent problems at high
temperature with both the strain _uge adhesive and the
deflection measuring equipment. The applied load was monitored
and the truss characteristics were compared to the ambient

; tests with no significant differences resulting.
i : i

!
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. '' . ..RESULTS OF LANDING GEAR COMPONENT . .: '

DEVELOPMENTTESTS

, SECTIO_ K2 - STRUCTURAL TEST OF DEPLOYMENT

TRUSS ASSEMBLY FOR THE 160" LANDING GEAR

T

5.0 TEST RESULTS AND CONCLUSIONS - contlnued
I

The 160" landlnE sear design has been superseded by subsequent
designs with some modifications tothe, deployment truss. It ....
is anticipated that in a later phase of the test program, a
complete evaluation of the redeslgz_ed truss will be made in '
terms of ultimate load and mode of failure.

This table lists the detailed test results and the pages on
which they may be found for each of the test positions.

Position Number
I II llI IV III

Critical For Tub.e _ _
_ara_eter 4 3C I 3T 2

,= , . , , =: :

(.
1 Strain Gauge Readings & ik 4 21 26 36 27

Calc. Stresses '

2 Deflect Readings at Proof _5 _6 _9 55 50 i
Load

_ - .

3 Eccentricity Curves _ormal 15 55,23 51,55 37 51,55 /
& In-Plane

4 Applied Load vs. Strain 17 39 28 38 30
@ Mid-Span _

5 Applied Load vs. Deflect. 16,18 L7,48 29,53 56,57 31,52
Normal & In-Plane

, -

6 TemperatureData 19 2_ 32 _O 33
i

7 Stress a Strain ; 20 55 34 _i 35

Individual _lembez s [
h

1

In addition to these results tables o t limit loadsgpredtcted
stresses are included for comparison purposes on _ages 7

(_. , sod 8 ',
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RESULTS OF THE LE_4 LANDING GEAR COMPONENT DEVELOPMENT TESTS

t
SECTION M - RESULTS OF THE STATIC TEST OF THE LEM LANDING GEAR

FOOTPAD LSK-320-10707

INTRODUCTION

This section of the report contains the results of

all tests conducted on the LE_4Landing Gear Footpad

LSK-320-107OT. It was concluded that the addition of

the circumferential strap resulted in no significant

! improvement in the energy absorption characteristics of
the footpad.

This _as a continuation of the footpad development

program. The results of previous tests were presented
in Section D and Section J of this report.

Refer to LTP 904-10001, Section M - Plan for the Static

Test of the LEMLanding Gear Footpad LSK 320-10707.

I
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RESULTS OF THE LEM LANDING GEAR COMPONENT DEVELOPMF_T TESTS

SECTION M - RESULTS OF THE STATIC TEST OF THE LEM LANDING GEAR

FOOTPAD LSK-320-10707

1.0 PURPOSE OF TEST

1.1 The purpose of this test was to investigate the effects on
the load-stroke characteristics of the l.andingGear Footpad
when modified by the addition of a circlmmferentialstrap.

ii 2.0 DESCRIPTION OF TEST SPECIMEN

2.1 Two footpads were supplied conforming to the assembly shown
on Dwg. LSK 320-10707. The footpad basic structure was
identical to that of the LSK 320-10704 pad described in
Section J of this report. However, these pads were modified

by the addition of a stainless steel (301-1/4 hard)
circumferential strap (13/16 inch wide and 0.015 inch thick).
Of the two footpads supplied for this test, only one was used,
for the reason stated in Paragraph 5.1 of tbis report.

g
3.O TEST CONDITIONS

3.1 All tests were performed under ambient environmental conditions
In all tests, the pad was installed in a horizontal attitude.
During these tests, no attempt was made to attain a specific
rate of loading but rather a uniform rste of loading. The
pads were crushed into hard fixed bearing surfaces, motunted
on the apex of _n outside 9O° wedge, having the configurations
of a 2 inch diameter steel dowl and a 3 inch wide steel
flat surface. Refer to test plan for detailed sketch of
obstacle configurations.

4.O TEST SET-UP AND PROCEDURE i

4.1 The test set-up and procedure was essentially as described
in Test Plan LTP 904-10001, Section M. Prior to the tests,
the jig was system calibrated to determine the friction
forces inherent in the jig. This calibration resulted in
an Applied Load vs. Corrected Load curve which is shown on
Figure i, Page M-5 . A platform was set up tangent to
the lowest puLnt of the outer skin to maintain proper
orientation of the pad during the test. See photo sequences
on Fi_ures 5, 6 and 7. The pad was crushed "nto obstacle

C configurations described in Paragraph 3.1 of this reportat a slow uniform rate.
L _ i i I

,o_om n,vt,._ II_mT LTR 904-i0001 "
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RESULTS OF THE LEM LANDING GEAR COMPONENT DEVELOPMENT TESTS

SECTION M - RESULTS OF THE STATIC TEST OF THE LEM LANDING GEAR

FOOTPAD LSK-320-10707

5.0 RESULTS AND CONCLUSIONS

5.1 Load-stroke characteristics established during lateral

crushing into the obstacle configurations described in

Paragraph 3.1 are presented on Figures 2, 3 and 4.

I (These curves were not corrected because the correctionfactor was not of signific_it magnitude.) A co_nparison of

Figures 2 and 3 showed that the addition of a circumferential
strap resulted in no significant improvement in the energy

absorption characteristics. The primary cause for this
was attributed to the relative weakness of the surrounding

honeycomb structure. Photograph IPS-560-Se8 (Run #i) shows

that the strap ripped the pad prior to contact with the

wedge. It was observed that the strap did not stretch

appreciably and did not follow the sides of the wedge

during the crushing cycle. For these reasons, it was
considered that no significant information would result

l from testing the second footpad.

_o,Mone _v : i.i_ w,Onl' LTR 5K)h-lOOOl

Contract No. NAS 9-11OO OAT! 12 February 1966 /
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RESULTS OF LANDINGGEARCOMPONENTDEVELOPMENTTESTS

,SECTIONP - CRUSHABLE HONEYCOMB CARTRTDGES FOR THE

160" AND 167" LANDZNG GEAR ASSEMBLIES

P_e_ar'e_ by: - Ch_cked by; - --
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i RESULTS FOR LANDING GEAR COMPONENT DEVELOPMENT
TES_

SECTION P - CRUSHABLE HONEYCOM B CARTRIDGES FOR ',

_E X60" _ND OLD 167" LANDING GEAR ASSEMBLIES

INTRODUCTION

• e

The tests and results d4scrlbed herein are a continuation of !
the development test program on energy-absorbing car_idEes

, a's outlined in Section B. The initial phase of the program i
was concerned with the selection of materials and cartridge

, configurations; this latest phase wa.s an investigation of the I
' characteristics of prototype designs. _Ae time period involved

was from November 1965 until July 1966, and coincided with the !
' drop tests on the early 160" gear and the re-designed 167" gear. ;

• Since this program exists as a parallel ¢;ffort Jn support of

the landing gear testing, it was required _ha'ccartridges be !
¢

, approved for use in the drop tests as well as developed for the
final landin_ gear. During the course of t_sting another re- $r

L , design was effected resulting in modifications of the c_rtrld_es. !i: It is anticipated that this will be the final modification and ,
the next part of the cartridge testing will finalize the design. 9

This new design will be identified as th_ 167" (I0-7-_) gear or i
. "new" 167 gear. Throu6ht this report the desi6nation t67" will

refer to the earlier or "old" 167" gear.

I

0

0

I
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I_SUI/_ FOP LANDING GEAR COMPONENT DEVELOPMENT TESTS

@.
SECTION P - CRUSHABLE HONEYCOMB CARTRIDGES FOR

THE 160" AND 16T' LA_ING GEAR ASSEMBLIES

PART I - 160" HONEYOO_ CARTRIDGES
,

1.0 PURPOSEl

The purpose of these tests was to evaluate the structural and
er_rgy-absorption properties of the 160" Landin_ C_ar Primary
and Secondary Strut Cartrid_s. Prior to the start _f testing_
the landing gear underwent a design modification affecting the
cartridges. It is for this reason that most of the test effort
was directed tQward supplying information to support the 160"
landing gear drop test program.. . .

2.0 DESCRIITION OF TES'r ARTICLE

The test specimens consisted of the p_imary cartrid_ assembly0 0
and the secondary tension and compression cartridges. These
cartridges are de6cribed fully in paragraph 2.0 of the test

plan with the one correction being that th_ primary was testedonly as an assembly and not in individual stages. The actual i
number of cartridges t¢_ted and the conditions imposed are i
shown in Table l on page 6 of this report, t _-

3.0 _'_' coNo!_p.s i
i

Tb_ mission plmse to be simulated and the genaTal test condl- i
tion_ are described in paragraph 3.2.1 of the test plan. : #
Briefly, the cartridges were tested 8taticall_ u_cr ambient
conditionn to e_t_blish a crush load reference point. Dynamic
te_ts were then conducted over an impact velocity ran_ of
to 25 feet per second. With the remainln_ cartridges,

dynamic temlw_raturetests were run over a range of �F&±�u�to!
-200_F. T_ temperature tests were the only additions to the
original schedule as outlined in the test plan.

t f

IA'R50h-IO001
Contract No. NAS 9-1100 5 Ap,LI 1967
Prlmmry )Io.811,
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L.. I_.ESl:,_SFOR LANDINGGEARCOMPONENTDEVEID_ TESTS
; I I - .

SECTION P - CRUSHABLE HONEYCOMB CARTRIDGES FOR

THE 160" AND 16_' LANDING GEAR ASSEMBLIES ....

PART I - 160" HONEYCOMB CARTRIDGES - contlm_d
• 4 ,

(See Paragraphs 3.2 and 3.3 of Test Plan)

4.1 St_tlc Test •
• ; _ .

• •
• .'

At the start of testing, a Baldwin Testing Machine was used

! to apply the static loads to the chamber shaft. Subsequently
i_ it was replaced wlth-self-cents/nedleading fixture (LSKglS-526),
i This rig was checked satisfactorily against the earlier results

and used for all testing thereafter. The only other difference
from the test plan was the replacement of the linear Bourns

i potentiometer with a rack and pinion driven rotary hell-pot to s
measure stroke.

_.2 Dynamic Test , •. , l

The dynamic tests were performed as described in the test plan.
This consisted of dropping a weighted carriage at a specifie_
impact velocity to g_nerate the required energy tO crush the
cartridge. The load and stroke were measured and Tecorded on
a direct readout oscillograph. At the conclusion of the tests

the cartridges were examined for any variations "from the normal
crush pattern.

.

I

!

!

£
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i:: RESULTS FOR LANDING GEAR COMPONENT DEVELOPMENT TESTS

SECTION P - CRUSHABLE HONEYCOMB CARTRIDGES FOR I "
I

THE 160" AND 167" LANDING GEAR ASSEMBLIES i

PART I -.160" HONEYCOMB CARTRIDGES - continued
i

5.o oF m Sm.TS !

The results presented here are based on the curves included t
at the end of this "eport. All the individual test points 1
are recorded on the graphs; however, some points of question-

'able validity, are not considered in drawing-the curves. " 1

fi I- 160" Cartridges

i
_rimar_ AssembLies

.,,

i. The static crush loads generally fell within + _ of !
the desired nominal values. There was a slier drop I
in crush level toward the end of stroke in all three

_. assemblies tested. '_

2. At impact velocities of from 4 ft/sec to 12 ft/see,

there was an increase or magnification In crush level i

of about 10%. At higher impact velocities (12 to _5 i
ft'/see) an additional increase in crush level was i

i n_.ed but was not as re.peatable in the limited number '"

I .' of specimens tested. " t• l

3. Dynamic teStSoWere also _onducted over a temperature i
range of +200 F and -200-F for a total of five test ',

! points. Using the room temperature _rush level as :

i a reference point the crush load varied from 80%
] at +200 F to 140% at -2OO-F. i

i 4. In all cases the cartridges crushed in a uniform

' manner and were able to absorb the applied impact '

• loads. There was no evidence of distortion of the I

i honeycomb core or excessive mis-alignment of the ":
assembly after the. test. i

: Secondar_ Cartridges !

t ;
I. The secondary cartridges exhibited a more erratic

i crush pattern. The static crush loads varied by !

__4% from the average value. ',

i

I '

.......................................... L'rR9o4-1o0ol...........................
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RESUIIESFOR LANDING GEAR COMPONE_?PDEVELOPMENT TESTS

SECTION P - CRUSHABLE HONEYCOMB CARTRIDGES FOR '
!

THE 160" AND 167" LANDING GEAR ASSEMBLIES t

t

PART I -160" HONEYCOMB CARTRIDGES - continued

5.0 SUMRARY OF TEST RESUIES - continued

2. The dynamic characteristicsof both the tension a_
compression cartridges did not show any degree of- i
repeatability and for this reason no characteristic
curve was drawn. The crush loads varleclby ± 10%.
over the v_!,.'Ityrange of _ to 12 ft/see° i

3. Various methods of taping the cartridges were used hu_
t

most proved to be inadequate in that they could not
compensate for the honeycomb core being structurall_
unsouna. ,

. !

' L

6.0 The following curves and data are included as par% of the
detailed .testresults on the 160" cartridges:

i. Tracing of Typical ioad..StrokeCurve-Static Trustef

..... . ,.
Primary Car%rldge

i
. L_ad-Stroke Curve-Static Test Secondary Tension Cartrld_e

3. Lo_d-Stroke Curve-StaticTest Secondary C_mpr_ssien
Cartridge "

:

' _. Dynmnic Crush I_ad vs Impact Velocity-PrlmaryCartridge
ist Stage

, 5. Dynamic Crush Load vs Impact Velocity-PrimaryCa_ridge
, 2rid Stage ,

, 6. Dynamic Cru'_h Load-Temperature-PrimaryCartridge Assembly

7. Actu_l Crash Load vs Temperature-PrimaryCartridge Assembly
t

• 8. Dynamic Crush Load vs Velocity-Secondary Compression
. Cartridge

9. Dynamic CTu_h Load vs Velocity-Secondary Tension Cartridge
ist Stage

iO. D_,T_c Crush Load vs Vclocity-S_condaryTension Cartridge
2ridSta_e

(. •

C(ntract ]|o.L'/,2 9-iiO0 5 April 1967 .
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RESULTS FOR LANDING GEAR COMPONENT DEVELOPMENT TESTS D

SECTION P - _TUSHABLE HONEYCOSm CARTRIDGES FOR

THE 160" A_D 167" LAZmlNG GEAR ASSD4BXXI_

PART II - 167" HONEYCO_m CARTRIDGES

i.O PURPOSE

The purpose @f these tests was to ev_l_ate .and compare the

two types of aluminum honeycomb that appeared most promising
when incorporated in the prototype designs for the 167"
landing gear str_:tcsltridges. Whereas the 160" cartridges

were tested mostly under ambient conditionsj the 167" car-
tridges were subjected to a variety of enviromnental conditions.
The structural properties and energy absorption were still the

main areas of investigation.

2.0 DESCRIPTION OF THE TEST ARTICLES '

These cartridges were similar to the 160" cartri4ges in

configuration but differed in physical dimensions; cell slzej
and type of aluminum core. Both the primary and secondary

cartridges were made of expanded cellular honeycomb. The
primary cartridge was assembled into the strut by using ez_
cm.ps attached to the cartridge-by studs. Most of the tests

•,_ere conducted using special steel caps which were then.
compared to tests using the actua/ prototype caps. The.test
articles consisted of the following aluminum honeycomb
cartridges:

Prlmsry Strut -

, Component Cartridges
!

I_-32-0H-50505-I i/8 - AL 3003 - 6000#

'. LTM-_9.0H-50506-1 1/.8 - AL 3003 - 12,(X)O#
' LT_.I-32011-50508-I 3/.16 - AL 5052 - L?.,(X)O#

LTM-5_OH-50509-1 3/16 - AL 5052 -6000#

Assembly'

L_4-320H-50504 -ii

composed of 50509-1 6000#
5o5o8-i _,ooo#

t
Contract IIo. IIAS 9-Ii00 5 April 1967
Primary No. 811
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RESULTS FO_ L_Oi'_G O_._ c'om_o_w ' D_%-__ TESTS •

I SECTION P - CRUSHABLE HONETCOMBCARTRIDGES "FOR ,

THE 160" AND 16T" L_Dr_G C,EAR ASS_

PART II - 167" HOI_YCOMB CARTRIDGES - continued

" 2.0 DESCRIPTION OF TKE TEST ARTICT.ES - contlnued
i . .o
t

I Secenclar_rStrut ....

! Compressien- L2M-32OH-50560

-7 made from 562-13 1/8 - AL 3003 .Reuna- 6@00# ._-9 563- 3 I.
i -11madefrom 564-13 1/8 AL5052Hex. 6000# ;
I

Tension .,

: Im_-_OH-50560-S
composed of 50563-15 1/8 - AL 5052 Rou_ - 1500_

_ 50563-11 1/8 AL 5052 Roun_ 6000# .

, L_-320H-50560-I "
co_posedo._5056a-15 1/8- A_SO03_o_ - 15oo#

5056e-ii 1/8 AL 3003 Round 6000#

1 LTM-3_OH-50560-5 -

5o56_-_,. I/8 An 50_ _x.

The additional cartridges tested using the prototype studs

: and caps were identified by serial number IfiM-3_OH-5050_-9.

The actual number of cartridges tested and the conditions
imposed are shown in Table II on page 23 of this report.

3.0 TEST C01_DITIONS

The test conditions are described in paragraph 3.1 of Part II

of the test plan. The actual test schedule used is shown in

Table II on page 23 of this report. The changes from the
original schedule were dictated by the need for information

pertinent to a re-design of the gear which was initiated after
the start of the program.

................... - LTR" 90_ -iOOO1 ....
Contract No. NAS 9-i-100 5 April 1967 "
l_rim_ry No. 811
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RESUIIFSFOR L_DING GEAR COMPONENT DEVEL0_4ENT TESTS

|. '• .

SECT/ON P - CRUSHABLE HONEYCOMB CARTRIDGES FOR

THE160"AND16T'LANDINGGEARASSEMBLIES
I

L
PART II - 16_ HONEYCO_ CARTRIDGES - continued !

i

3.0 TEST CO_ITIONS - continued !

i
The main difference from the 160" testing was that the 16_' i

, cartridges underwent a full enviromnental sequence including i
temperatureand vacuum tests. The temperature range was I

reduced to between +135° and -70"F and the impact velocity ilimited to 12 ft/sec. The vacuum tests were conducted at

pressures of i00_ of Kg of less. The "outgassing" tests were
deleted entirely and scheduled for a later phase of the I
testing, i

P

4.O TEST SETUP AND PROCEDURE i"

The test setup and procedures are described in paragraphs '
3.2 and 3.3 (Part II) of the test plan. The basic facilities
are identical to those used in previous tests. The chambers

t "i were designed to conform to the internal dimensions of the
I primary strut. The test instrumentationwas completely

re-calibrated and adapted to the 167_'design changes, i
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•[ PJ_SULT_ FO_ LAN])IN_3SEA' CO_O_I"T DEVE__ _SWS !
SECTION P - CRUSHABLE HOh_YCOMB CARTRIDGES FOR ]

THE 160" AND 167" LANDING GEAR ASSEMBLIES !

PART II - 167" HONEY£OMBE CARTRIDGES - continued ' !
w
I

5.0 SUMMARY OF TEST RESULTS i

Of the two base types of aluminum honeycombe core used, the }
AL5052 pr_ved to be superior to the AL3003 in terms of I
performance repeatability and -_tructural integrity. This i

fact was apparent early in the program through, testing of I

the component stages. Consequently, the assembly tests on i
the AL3OO3 honeycomb=were de!_ted from the test schedule i
and the AL5052 core was :_._ in the cartridges for the !
landinz gear tests. A t_bu]ation of the test results for }

the AL5052 cartridg_.s is included on page 25of this report. _

Information for the remaining cartridges can be abstracted i
: from the curves or' the test data. No attempt is made to !

evaluate the cartridges in terzs of honeycomb purchase or

fabrication specifications. The complete qualitative i
evaluation will depend on these results in conjunction with

i the results of the other tests such as the gear drop test '

i. i and the component strut tests. It is expected that the i
1 subsystems group (Mechanical Design) will issue further ,

reports concerning the details of cartridge construction, i
, fabrication _nd the evolution of the design through the ;

!

development stages to the design through the development
[ stages to the final vehicle product.
t

i 6.0 TEST CURVES

The fol_owing is a llst of the curves included as part of
i the detailed test results on the 167" Landing Gear Cart- i
i ridges :

I. Tracing of Typical Load-Stroke Curve-Static Test of :

i Primary Cartridge
2. Doad-Stroke Curve-Static Test of Secondary Tension

_artridge

3. Load-Stroke Curve-Static Test of Secondary Compression
.Cartridge

, !
i

!
, a

:

( ,

" -.......... " ....................... LTR 934-i000i ....,.................. :

CoDtract No. I_AS _-iIO0 5 Apr_l 1967
Prlmary No. 811 "



PART II - 16?' HO.NEYCO_, CARTRIDGES - cozfr..,,Im._
,.

6.0 TEST CURVES - centinued

_. Static Test --Primary Cartridges (6000#) -,Test Load
Ratio vs Temperature

• •

5. Static Test - Primary Cartridges (12000#) - Test Zead
Ratio vs Temperat%Lre

6. Static Test - Secer_ary Cartridges (_ensien', -"
Test I,_ad Ratio vs_perature

7. Static Test - Secondary Cartridges Compression -
Test Load Ratio vs Temperature

8. Primary Cartridge - Static and Dynamic_Test Lead Katie

vs Temperature - IEM-320H-50505

9+ Primary Cartridge - Static and Dynamic Ratie vs

l Tmmperature - L_4-3_0H-50509

iO. Primary Cartridge - Static and Dynamic vs Tamperat_rm -
Im_-S20H-50506

11. Primary Cartridge - Static and Dynamic vs Temperature--
_-_0H.5o508

12. Primary Cartridge Assembly - Static and Dynamic Crush
Load

13. Primary Cartridge - 6000# Stage - Ratio vs Velocity -
Tm_s 50505and50509Compare_

lh. Primary Cartridge - 12000# Stage - Load vs Velocity -
Types 50506 and 50508 Compared

15. Secondary Cartridg_ - Tt.nsion - Load vs Velocity -
_ee Typ_s, Both Sta_s Compared

l

C,ntracu No. NAS 9-LIO_ _ April 1767
Primary tk>. 811 . ,...,.. ., .....• . + , -. ,. .+
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RESULTS FOR LANDING GEAR COMPONE_ DEVEiO_ TESTS

_ _c _ _ , . __.. _ _ _
SEC'n0Nr - CRUSHAB__RO_YC0_SC__O_S ms

_H_X60"_m x67"n_DD_, oE_ _SEM_nmS

PART II - 161"'HONEYCOMB CARTRIDGES - continued

6.0 TEST _/RVES - continue4

16. Secondary Cartrid&_ - Cnmpresslon - Load vs Velonlty -
Three Types COmlma'ed

z?. PrimaryAssembly- Im4-320_-50504-Tx._t vs Velocity -
Assem_l.7 Carriage

18_ Secendary Cartridges - Tension - I/_-320H-50560-3-
_Compressien- I/_-320H-50560-9- Temperature Sensitivity

!
!
i

t

t

i
t ,

........................................... ......" - _ 9c4-],._xu......................... - ....
C,,ntractNo. NAS 9-1100 " 5 AFrll ?._67
Pzima*7 No. 811 :,. _,,,,. .,::: ;......t......:::, " • ::',

- ;.,_ .
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• RESULTS OF THE LEM L_NDI,HG GEAR COMPONENT DEVELOPMENT TESTS

SECTION Q. - RESULTS OF THE NORMAL LQ_LD TEST OF FOOTPAD

LTM-320-H-I0701

INTRODUCTION

This section of the report contains the results of _he test

conducted on the LEMLandin S Gear Footpad LTN-320-H-10701. With one

minor exception, the footpad satisfactorily withstood the Desisn
Normal Load of 12 psi at both ambient and 215OF temperature.

I This is a continuation of the Footpad Development Program.
The results of previous tests were presented in Section D A.J of this
report.

Contract No. I_s 9-1100 ea_ 9 Ausust lgbb
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C RESULTS OF THE LEM LANDING GEAR CCMPONENT DEVELOPMENT TESTSi |i u •

SECTION Qo - .RESULTS OF THE NORMAL LOAD TEST OF FOOTPAD

LTM-320-H' 10701

1.0 e PosOFTE__S

I.I The purpose o£ the test was to verify the structural _ntegrity
of the footpad wnen subjected to a uniformly distributed load
at ambient and 215_ IO°F temperature conditions. A _st
failure at 215_I0°F temperature was conducted to _sLablish the
design reserve margins.

1.2 Strain gages were located on the footpad as shown on Figure I
to verify the stress analysis.

2.0 DESCRII_TION OF TEST SPECIMEN

2.1 The test arrive consisted of a panel assembly as per dwg.
No. LTM-320-H-10701 .....

2.2 The _est specimen was 37 inches in diameter and of bond._d
aluminum honeycomb sandwich construction. The core is a
composite of 5052 Aluminum Foil (0.0010 inch thick and 3/.6

' inch cell size) and of 2024-T81 Aluminum Foil (0.0015 inc_
!, thick and 3/16 inch cell size) assembled as shown on dwg.

No. LTM-320-H-10701. The skins are 7075-T6 aluminum tap_rL:d to
' the outer edge.

,t
t 2.3 One pad conforming to dwg. LTM-320-H-10701 was used for 0:i_i.

test.

i,
[. 3.0 TEST CONDITIONS

I

" 3.1 The test simulated that part of the Lunar Landing which _:._,' ',
, subject the pad to a uniformly distributed pressure loadin..

3.2.1 Test 1 : Proof Test (Design Normal Load - 12 psi) was

I conducted at ambient environmental conditions.

3.2.2 Test 2 : Proof Test and Failure Test were conducted at 213 _- lOaF
te_:_erature.

oA_ LTR 904-10001
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RESULTS OF TEE LEM LANDING GEAR COMPONENTDEVELOPMENT TESTS

SECTION Q. - RESULTS OF THE NORMAL LOAD TEST OF FOOTPAD

L'rM-320-H-10701

3.0 TEST CONDITIONS - continued
n

3.2.3 Design limit and _Itimate normal pressures are coincident at

12 psi since the pad is designed to a ultimate factor of safety of I.

3.2.4 During both tests the pad remained in a horizontal attitude.

The method of load application was essentially static in that
no attempt was made to achieve a specific rate of pressure
loading.

4.0 TEST SET-UP AND PROCEDURE

4.1.1 The test article was set up and installed as previously
described in Section J of this report. (see photo LPS-560-848)

4.1.2 PresSure was measured u_ing a pressure transducer-_t the inlet
port of the rubber bladder. The normal pressure load was
reacted by a rigid compression member incorporating a strain
gage load cell. Strain gages were installed on the footpad as
shown in Figure I.

4.2 The pad was first subjected to the design normal load of 12 psi

at room temperature. Upon completion of the above, the pad was
heated to 215°F and subjected to an increasing pressure load

t until failure ocurred.

5.0 RESULTS AND CONCLUSIONS

5.1 Examination of the results as indicated on Strain Gages #5,7,8,
18,10,20 indicates a possible local bond failure on ch_

compression skln (inner skin) at 11.2 psi during the _roof test.
At the completion of the proof test, visual inspection of the -.-
£ootpad showed no external structural damage. However, thls
apparent failure was not critical enough to effect the continuity
of the pad since total failure did not occur until 13.8 psi during

the elevated temperature tes_. ¶
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RESULTS OF TIIE LEM LANDING GEAR COMPONEI_F DEVELOPMENT TESTS

_- SECTION Q. - RESULTS OF...THENORMAL LQAD TEST OF FOOTPAD

LTM-320-II-I0701

5.0 RESULTS AND CONCLUSIONS - continued
,,

5.2 Further examination of the strain data and resulting stress
distribution curves indicated that the stress analysis was

conservative. The magnitude of the stresses derived from the
test data were lower than those derived from the original stress
analysis. Closer correlation of test data to analysis is
obtained if maximum skin thicknesses are used instead of the
minimum skin thickness.

5.3 The failure mode of the pad may be seen in photographs LPS-560-
861, 862, 928.

5.4 A comparison of the data presented on Table I (Results of
Ambient Temperature Test) and Table II (Results of Elevated

Temperature Test - 215°F) shows good correlation of the strains
in both tests.
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|,
SECTION S - DEPLOYMENT TRUSS 167 (I0-7-_) GEAR-

OVERCENTER STRAP TEST

I_TRODUCTI .O_N

This section of the report contains the results of the

tensio:: yield tests conducted on one titanium anti three
different co_binations o[ Stainless Steel Overcenter

Straps for proposed use on the LM Landing tear Deployment
']'rUSS.

Th_ tests were conducted in accordance with Test Plan

No. LTP 904-]0091, Section S, Plan for Tension Yield TestJ
of the 157 (lO-7-&_ Landing, Cea, Deployment Truss Ch,er_enter
Strap.

(.

i , -- -m ...........................
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_,,,.._..tra(.¢f;n. f;Ag 9-11OO oA. 12 December 19._6
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C
SECTION S - DEPLO_1ENq" TRUSS (10-7-4) GEAR OVER_-

CENTER STRAP TESTS

1.0 PURPOSE OF TEST

L The purpose of tilts test was to define thv yielding
characteristics of various overcenter straps and to

i obtain engineering data for the final •strap design.
[

i 2.0 DESCRIPIIO'_ OF TEST ARTICLE_ . _= -

The overcenter strap is attached _cross the a_'ex polnts
of the deploymcn_ truss. The proposed use of the strap
is to absorb the load applied to it by the primrv strut,

I should the secondary struts of the landing gear compress

tnore than ten (1(,') inches durt_.g landing it_pact. Allstraps tested _ere 59 3/32 incht,_ long+ one inch _tde,
and are de_cribt:d below.

TEST NO. l

Titanium Alloy (I_XI.-I._n-IV) Strap (.0_,0 inch thick) -
- , 011£' stra0 per a s,st.n,l_l?,, cotlforwn|tlg F:o Drawing No.

LDW 320,-10900-1 l

TEST NO. 2

I/_* ttard (301) Stainle_ ,qtetl Strap No. l (.O12 inch

thick) - Three leminated _tr_ps per as_erobly.
confocmln_ tn Drsvln_ N_a. ISK 320-10550-25

TEST NO..I

1/6 Hard (301) St_inle,s Steel Strap No. 2 (.O1_ inch
thick) - Two Isminated straps pelt Isltembly, ronfotming
to t)ravtns No, I.SK 320-IO550-23

TEST h_. t,

l/_ llard (301) Stalnlels Steel Strap No, :J(.O36 Incl,

thick) - One Itrap pet atlembly, conformin_ to Drawing
No. ISt 320-IO550-_I

.tc-_._ttm,,,_ Contract No. I_S 9-II00 s_;2;_'- LTR 90_-IOOOIS
_t,*+ Pritmry No. Oll _n I1 Pecetnhe, lq*6

_,..'Jl=iN iil¢|&tt |NOINIII NO COIPO|&tlON

. i[oee ,.e**!
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SECTION S - DEPLOYME_ TRUSS (I0-7-4) GEAR OVER-

CENTER STRAP TEST

3.0 DESCRIPTION OF TEST

3.1 Test Conditions

The tests were conducted under ambient environmental

conditions. In all tests, the straps were axially

preloaded to tOO Ib_. Transvers load was applied at an

approximate uniform rate.

&.O TEST SET L'P AND PROCEDURES

Each test article was installed in a test fixture_ aS _
shown in Phot¢,gr_p|,No. LPS 5t':_-1287and Figure I. ]L
conslstcd of a steel s_ructurt_ capable of supporting
the test article in a horizontal attitude,

An axial preload of 100 lbs. was applied to the t_t
artlc_c. _he transverse load _,'++_a_+,livd by for clng

' I

[ ¢i,i_bu:_:per (LDW a20H--IO510) attached t_ a dummyprim+',ry str,,t, :nto the strap. Application of this
|ran_L,...,rl, o load to the ,h,n_ 5' strut warn by nmans of a
!+vdraulic jack. Thai I,ct-_)p simlated the 14¢ometry
of th(" actual I.H Landing Gear, The Io_d was increased
,,nttl a deflection of at least l& lnche, _faa attained
or until failure occurred.

l_strurnt,ntat ion s.pport was prnuldt,d [or measurLnll lind

recoidin_ tt_,, tallowing test d_ta:

(A) Tran|v,rae load
(B) Defle_'tion (at midspan of ov_r¢,enter strap)

The location of the load cell la shown In Pll_rt_ l, The
transects, def|ectit, n was r,+,cordcd u_inll • linear
potent iometor. Load vers,|s de[lertlon Wil plott.¢_.
dirertly on an x-v Plotter.

(
_ z ___

_'c'""''m"(i-ntract N-. _k_.__-II00 _"_" LT+t +04-1000lS

_-,_ Primary _;o. 811 P'" 12 Decesmb.'r 1c_*,(_
I_|bMMAN llltl&lT INO,NIII,NO tOm'Ol_O_l

¢0@I 14ml+!
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SECTION S - DEPLO91Eh_ TRUSS (10-7-4) GEAR OVER-
CEk_ER STRAP TEST

6.0 PRESE_ATION OF TEST DATA

The test data is presented in Figures 2 through 5. These
figures she_,"transverse load versus transverse deflection

for each of the overcenter straps.

7.0 DISCUSSION OF RESLrLTS

The energy absorbed by each of the straps tested has been
estimated by the su_vnatton of the areas under their
respective load-stroke curves. Pertinent results data
for each strap is summarized below.

TEST t_O. 1

Titanium Str._ - the strap failed at a transverse load
of &500 lbs. and a transvL.rse defle_tLon of 13.33 tnched.

Total erectly absorption e_t_mated was 27,631 lb.,._,.. Just

( prior to [,lllure (see Fisure 2 and Fhot.o_raph h'o. LPS
"-_ 560-1288)

TEST NO. 2

Stainless Stee| Strap No. I - the strap was deflected beyond
the required |&.O0 Ins'has. ss describt_d in Pars. &.O,
wlthot_.t failure. Total encr_9 ,bsorption ebti.mted was
28,66_, lb-in nt a load of 3925 Ibm, and a dell.action of

16.00 l_ches (see FiKure ])

T£ST NO. )

Stainless Steel StraF, No. 2 * the atrap vaS deflected beyond
the tequllre_ l_.O0 in_'hes without failure. _ota_ enerRy
absorpt ie_. eztl..zted was _,727 Ib-i. st s load of .1825 lee.
end a deflect lon of I;'.00 Inches (see l'llurs I)

TF'_ST NO. &

Stainless Steel Strap No. 3 - the strap us| deflected beyond
tier required 14.00 inches vithout f;ttlure, Total energy
sb_orptlon estim_.._.ed w_,s _?,276 lb..In at S load o( 4100 |bs.
and S 4eflsctlon of 16.._0 Inches (see Figure $)

- -, ,, , ::: :_ : _ - u_ .. _ - - _ ,

'°_'_"'''_trsct No. NAq q-llO0 .. LTR qO_-IO_Ol_
mmJMm . Prim4ry No, 81! 12 December lqbb

_ItlNWIIIIN atti|a;; , 40INIII,V4G (_llO|&llOlml
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SECTLON T: RESULTS OF STRUCTURAL TEST OF 167"
LANDING GEAR DEPLOYMENT TRUSS CROSS-
MEMBER WITH CROSSOVER FITTING
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O RESULTS OF LAND-jNG GEAR COMPONENT DEVELOPMENT TESTS
SECTION T: _RESULTS OF STRUCTURAL TEST OF 167"

LANDING GF.AR DEPLOYMENT TRUSS CROSS-
_EMBER WITH CROSSOVER FITTING
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i. Gear Deployment Truss Cross-
_ memb •r

.. LSK 915-_..i._2 Fixture Fitting, 167" Landing
i Gear Deploymen_ Truss Cross-
I,. member "

i
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RESULTS OF LANDING GEAR COMI_JNEN_ DEVELOPMENT TFSTS
SECTION T: RESULTS OF STRUCTURAL TEST OF [67"

LANDING GEAR DEPLOYMENT TRUSS CROSS-

MEMBER WITH CROSSOVER FITTING

i INTRODUCTION

i

i This section of the report contains the results
of the structqral tests¢conducted on the cross-

member with the crq_sover fitting of the LEM
':- Landing Gear Deployment Truss.
t,i -

These tests were conducted in accordance with

Test Plan No. LTP 904-10001, Section T - Plan

for the Structural Test of 167" Landing Gear
_ Deployment Truss Crossmember with Crossover

Fitting. The tests were also conducted in

partial fulfillment of the requlrementsof
Paragraph 5.2, Exhibit E, Contract NO, NAS 9-1100.

• • 1

.

i . n.Ii

_ _li ,iv, ,_, i.eeOmLT]_ 9Oh-I0001 7-DATE /

Contract No. HAS 9-1100 20 October 1966 ._
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RESU%TS OF LANDING GEAR COMPONENT DEVELOPMENT TFSTS

SECTION T: RESULTS OF STRUCTURAL TEST OF L67"

LANDING GEAR DEPLOYMENT TRUSS CROSS-
MEMBER •WITH CROSSOVER FITTING

• 1.0 PURPOSE OF TESTS

[* The primary purpose of the tests was to demonstrate the

structural integrity of the test article unde£ ultimateload conditions, __

IN
i The secondary purpose of the tests was to determine the

*i actual safety margins and modes of failure during the
! overstress test. In addition, strain measurements were to

i be recorded for the purpose of verifying stress analysis.i

2.0 DESCRIPTION OF TES_ ARTICLE

The test article is identified as the Crossmember (with

i_ crossover fitting) conforming to Drawl_ E No. !TM 320-51902.

This member is part of the LEM Landing Gear Truss Assembly

i which transmits the loads from the secondary struts of the ,• gear to the LEM Descent S_age. By incorporating a cross-

over fitting in the crossmember, the truss assembly is
preserved as a simple determinant structure. Figure I
showns the truss assembly and the crossmember.

3.0 DESCRIPTION OF m_c_

3.1 lest Conditions _ _

For these tests, the axial compressive loads were ss follows:
i

- a. Design Limit Load: 8570 Ibs. &

L. Design Ultimate Load: II_600 Ibs. _
"_

• The test article was subjected to ultimate load and overstress '

tests, For each of these conditions, a 104 lb. transverse
load was ap_lled to the test article with 36 Ibs. of this _
load being concentrated at the center of the crossover

, fitting. The remaining 68 Ibs. load ims_ approximately, ,_
distributed over the strut length. This loads maintained
for the duration of the test, simulated the 20g transverse
Inertia load. The ultimate load test was conducted at '_-_

ambient temperature and the overstress test at 2850F.

• '_:

,
-- #, ii l ,i l

_,M om ,,vI,:_ ,EPOaT --""-- T_
DATE LT_ 904-1000]

Contract No. NAS 9-.IIO0 20 October 7/66 .i
Primary No. 811 GC:JMMAN AI|CRAFT INOIH|ilONO COII'O.ATION
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1 : _ R_Sb'LT.SOF LANDING GEAR COMPONENT DEVELOI_[ENT TESTS

i SECTION T" RESULTS OF STRUCfURAL TEST OF 167"

LANDING GEAR DEPLOYMENT TRUSS CROSS-

I MEMBER WITH CROSSOVER FITTING
1

3.0 DESCRIPTION OF TESTS - continued

3.2 T__e_stSet-Up

3.2.1 '[he test article was installed in a test fixture, as shown

In Photograph No. LPS 560-1159 and Figure 2. It consisted of
a steel structure capab_.e of supporting the test article in a

+i horizontal position. The axial load was applied by means of
a hydraulic jack,

3.2.2 The 68 lb. distributed transverse load was applied by means
}_ 6f four aluminum straps folded around the test article and

applied by weights acting through a cable and pul_ey system,

as shown in Figure 3.

A 36 lb. concentrated transverse load was applied on the
crossover flttln_ by means of an aluminum plate, as shown

in Photograph No. LPS 560-I161. This transverse load was

O applied using a cable and pulley system a_tached to a
..... hydraulic jack.

3.2.3 -- A thermal chamber was used for the overstress test. Heat

was supplied by means of a Wyle servo-temperature conditioning

!. unit.

3.3 Test Procedure i

3.3.1 The test article was instrumentated as indicated in Paragraph

. L & "0 and installed in the test fixture as described in Pa_-agraph
3.2.1 through 3.2.3. The ultimate strength test was conducted
first and was followed by the overstress test.

3+3,2 The ultimate strength test was conducted as follows:

a. The transverse load was applied to the test article.
Deflections were read and strains, due to the trans-
verse load, were recorded, The transverse load was
maintained constant for the duration of the tests.

b. The axial compressive load was applied in 10% increments

++ (of ultimate load) to limit and then in 5% increments to

' _;_Imate. Load leve1_ were monitored by a pressure gage

.nd were simultaneo sJ . recorded by a load cell in lineb

with the Jack. Dell **.c"io_'ts and strains were recorded
after each increment. --

tl
..... . .-e._l i i i

poIL4qOt21 ilEVI 1-64 R'DO II_

D+.,: T,TR9o4-1OOOl
Contract No. NAS9-1100 20 October 1966
_rir_Kr_ No 811OIIUMMAN AIRCRAFT ENOIN|ERINO COIIPOIATIONCODE J4151_
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D !_ESULTS OF LANDING GFAR COMPONENT DEV_L'OR_I!.NTTESTS
S_CTION _: RESULTS OF STRUCTURAL TEST OF 167"

LA)_)ING G_-AR DEPLOYMENT TRUSS CROSS-
I MEMBER WITH CROSSOVER FITTING

3.0 DEScrIPTION OF TESTS - continued
i

3.3 Test Procedure - continued• ,

3.3.2 c. After reaching ultimate load (11,600 Ibs.) the axial

compressive load was gradually reduced to zero and the
i- transverse load was removed. Deflections were read

_" and recorded.

3.3.3 The overstress test was conducted as follows:

I a. The test article was heated to a temperature of

i +285°F and _tabilized.

b. The transverse load wa_ applied to the test article
and the deflections and strains were recorded. The

- transverse load was maintained constant for the
- duration of the test.

c. Ultimate load was applied. The method of load applicationand load increments were as deacrlbed in Paragraph 3.3.2(5).

d. The design ultimate load of 11,600 Ibs. was rmached and
maintained. On attempting to increase the load to the
next increment (105% of ultimate) failure occurred___

4.0 INSTRUMENTATION

Instrumentation support was provided for measuring and

,, recording the following test data:

a. Twelve (12) strain measurements

b, Axial ccmpfesslve load

• c. Deflections at tw: (2) locations (at the mldspan of

, the crossmember sud at the center of the crossover fitting)

t TLe locations of th,= strain gages are shown in Figure 3. :
, The location of the "oad link is shown in Photograph No. '_)
_" LPS 560-t160. s

The defle_tions w_re read using dial gage indicators. The
strains were rec_rded using a Brown and Fischer (B and F)
recorder.

(2
OATe LTR 904-10001 /,

Contract No. I,_S 9-i_00 20 October 1966 ,_
Primary No _iI Cm_M_AN A#t¢_APT |MOtNelRtN@ ¢ORPOIATIONCOD| |_1 |
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_, RF.SIV T_ _:V I A_WJUC GEAR COM1A%NF_TDEVELOPMENT TESTS
SECTION T: RESIILTS OF STRUCTURAL TE_£ OF Ib7"

IANDING GEAR DEPLOYMENT TRUSS CROSS-

MEMBER WIT}! CROSSOVER FITTING

4.0 INSTRUMENTATION - continued

In addition, thermocouples were provided during the

overstress test for the purpose of monitoring the

temperature of the test article. '.

l:il 5.0 PRESENTATION OF TEST DATA ]
i

The test data in this report is presented in Figures 4
through 15. These figures show strain versus axial

compressive load at ambient and elevated temperatures
for each of the twelve strain gageq, In additlon,

Figures 16 and 17 show deflection versus axial compressive

load at ambient and elevated temperatures. .!_

6.0 DISCUSSION OF RESULTS AND CONCLUSIONS

-- , | i i i i ii
6.1 After completion of the ultimate strength test, examination

of the recorded data showed that axial loads, as recorded *

from the load link, were _lightly lower than the applied i
loads as monitored throughout _%e test on a pressure gage.

Data plotted for the ultimat_ ... rength tes_ has been plotted

against the corrected loads (as indicated by the load link) _@,
and. it will be noted that loading was terminated at -_
II,I00 lb_. During the overstress test, good correlation between 51

' the pressure gage and load link was achieved. Both instruments

indicating that a load of :1,600 Ibs. was reached and

maintained by the _est article at 285°F. -_

6.2 The test article _:ithstood the axial compressive load of _
II,I00 Ibs. without any evidence of structural damage and ..
w_thout any significant permanent deformation. Measured
set after removal of the loads on the ultimate strength
test was only .021 inch at midspan of the strut and .018 inch

at the crossover fitting.
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O [(ESL_TC+,.OF_h_DING GEAR COM!DI_-T_TDEVELOPMENT TESTS
SECTION T: RESULTS OF STRUCTURAL TEST OF 167"

LANDING GEAR DEPLOYMENT TRUSS CROSS-

MEMBER WITH CROSSOVER FITTING

6.0 DISCUSSION OF RESULTS AND CONCLUSIONS - continued
-- -- |

6.3 In the overstress test, the _:esc article failed as the
axial compressive load ,,a_ being increased to 105% of
ultimate load. Failur_ occ;_rred at II,920 lbso, which
represents & margin of safety of 2.76% over the d,:sign "
ultima:e load of 11,600 lbs.

i ,.6 The non linearity of _any of the strain gages particularly
Nos. 3, 4 and I0 cou.ld be attributed to either local

instabil£ty of the tubular member_ or slippage of the gages
at high temperature. The latter explanation appears t[_¢

more likely, In the case o£ gage No. 5 the gaEe was no_ed to

be unbonded after the test. Result_ from this gage are
however considered valid since the measured strains up _o
ultimate loa_ are rational.

6.5 These tests showed the deployment truss c_ossmember

(LTM 320-51902) to be structurally adequate for the design ,_
load c.niteria and to have a margin of safety 2.767, above i
design ultimate load at 285°2.
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